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Editorials 


SOME CURRENT PROBLEMS IN THE FIELD OF PARENTERAL NUTRITION 


LTHOUGH recent developments in the field of parenteral nutrition have done 
a great deal to improve the care of surgical patients, both before and after 
operation, they have also created additional problems which must be solved if 
further progress is to follow. Thus in a variety of surgical situations the parenteral 
use of protein hydrolysates has helped materially to reduce or to minimize the 
catabolic loss of tissue nitrogen. This advance has been facilitated by manufacturing 
improvements, such as the elimination of antigenic and pyrogenic materials from 
the hydrolysates and the development of disposable plastic tubing. But, despite 
these signal advances, a number of problems remain which continue to limit the 
wider acceptance of these therapeutic agents. The solution of these problems must 
await further clinical and laboratory investigation. 

Probably the greatest deterrent to the more general acceptance of the protein 
hydrolysates is the current necessity of administering them under conditions of 
inadequate caloric intake, thereby hampering their effective utilization. In fact, 
the problem of supplying enough calories parenterally to satisfy the energy needs 
even for maintenance, and more particularly for the reconstruction of new tissue, 
is a formidable one which is as yet far from being solved. The intravenous use of 
solutions of glucose makes possible the deposition of glycogen in the liver and else- 
where and thus mobilizes a reserve of energy essential for the processes of tissue 
protein synthesis. But the caloric needs of an average-sized adult at bed rest are 
probably in the neighborhood of from 2,000 to 2,400 calories per day, and to satisfy 
this need by parenteral administration requires quantities of glucose often beyond 
the assimilatory capacities of the tissues. It is doubtful, moreover, that glucose can 
ordinarily be utilized at a rate faster than approximately 0.5 gram per kilogram 
per hour ; and to administer enough glucose in a 10 per cent solution to satisfy the 
daily caloric needs would require from five to six liters daily, injected over a period 
of several hours. Concentrations as high as 25 per cent have been used, but this adds 
to the likelihood of injury to veins as well as to the degree of glycosuria. Emphasis 
is being currently placed on the point of view that fructose in invert sugar solution is 
more readily utilized than glucose, and, in addition, that it is a better precursor 
of glycogen. But even if the supposition is true, evidence is still lacking that enough 
additional calories can be assimilated in this way to satisfy the daily needs for 
protein synthesis. In an effort to augment caloric intake a few investigators have 
added alcohol to glucose solution, thereby introducing several hundred more calories 
per day. All these methods fall short of the caloric goal in most instances, however, 
and the fact becomes increasingly evident that only an emulsion of fat with its 
higher caloric potentiality can satisfy the daily caloric needs. Fat emulsions of small 
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particle size and of good stability have been developed and have been given a limited 
clinical trial without harmful effects and with nutritional benefit. Unfortunately, 
it has not been possible to prepare emulsions which remain nontoxic for more than 
a few weeks. Until this is accomplished, the commercial manufacture of such 
materials for intravenous use will not be feasible. 

In the meantime it is possible to administer freshly prepared fat emulsions, 
properly homogenized, so that injected amino acids may be better utilized. Ravdin 
and Gimbel have pointed out that, no matter how much protein may be given to a 
surgical patient, at least 30 calories per kilogram of body weight are essential to 
achieve nitrogen balance; and in the studies of W. C. Rose dealing with minimal 
requirements of essential amino acids there were instances in which the caloric 
needs were as high as 55 calories per kilogram per day. It is obvious, therefore, 
that unless the caloric intake is adequate there is little reason to expect optimal 
utilization of parenterally administered amino acids. It might be pointed out in 
this connection, moreover, that under similar unfavorable circumstances the use of 
blood plasma as a source of protein nutriment will also be of slight avail because 
of the fact that the protein molecules will be burned as fuel rather than used for 
tissue reconstruction; and to use expensive plasma as a source of calories is 
obviously an uneconomic metabolic procedure. At any rate, it is now apparent that 
until the problem of caloric needs can be solved, about all that can be hoped for in 
hydrolysate or plasma protein therapy is to accomplish a sort of “holding operation” 
whereby the loss of tissue nitrogen can be kept at as low a level as possible. 

But even when the caloric needs are met, a second problem still coafronts the 
surgeon, viz., how can he ascertain which of the hydrolysates now commercially 
available is of high nutritive quality? Obviously all that can be expected from a 
hydrolysate is for it to supply a mixture of essential and nonessential amino acids 
in amounts and proportions which the tissues can utilize effectively. But if a 
product is defective with respect to its essential amino acid composition, how can 
this defect be demonstrated? It is true that a comparison of hydrolysates now 
available reveals a considerable variation in nutritive quality due to differences in 
modes of manufacture, and an evaluation method is badly needed which can indicate 
those products which are nutritionally superior when administered parenterally. 
Unfortunately, there is no way to accomplish this adequately at the present time. 

Although all the hydrolysates now on the market are derived from high quality 
protein, the methods of hydrolysis lead to nutritionally differing products. Those 
produced by prolonged acid hydrolysis tend to be “complete” in the sense that they 
have a low peptide content and consist largely of amino acids. Unfortunately, how- 
ever, prolonged acid hydrolysis destroys the essential amino acid, tryptophan, and 
this amino acid must later be added to the hydrolysate. But because there is always 
a chance that complete reconstitution may not be accomplished, such a preparation 
may be nutritively inferior to others available for clinical use. On the other hand, 
although enzymatic hydrolysis does not destroy essential amino acids, it does lead 
to the formation of a “partial” hydrolysate. By this is meant one with a high peptide 
content; and peptides are not as readily utilized by the tissues as are free amino 
acids. In the use of partial hydrolysates, therefore, there is a considerable loss of 
nitrogen by way of the urine, and, in consequence, varying quantities of important 
amino acids making up the peptide aggregates are lost which otherwise might have 
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been utilized by the tissues. Information is meager as to the relative tissue avail- 
ability of such peptides under different metabolic circumstances, but evidence at 


hand at least suggests that a low peptide content is desirable in a hydrolysate 


provided that in the course of the hydrolysis no serious damage has been done to 
essential amino acids. 

Because of the recognized need for a greater caloric intake, it has become 
customary to dispense the hydrolysates in a 5 per cent glucose solution. This practice 
has created another problem due to the fact that sterilization by means of heat and 
pressure, or merely storage for long periods of time, leads to an interaction between 
glucose and amino acid molecules. This reaction, now known as the Maillard or 
“browning” reaction, reveals to some degree the extent of the amino acid-sugar 
combination. The reaction is serious from a nutritional point of view because 
several of the essential amino acids are able to combine with glucose and thus form 
complexes which are resistant to enzymic degradation. Such a material when used 
may function as a low-quality protein because of the limiting action of one or more 
essential amino acids which have become bound to sugar. Some manufacturers 
have solved this problem in part by sterilizing their products in the absence of heat 
or pressure, but the problem of storage for long periods still remains. Fortunately, 
however, this problem can be quickly solved whenever it becomes possible to supply 
a nontoxic fat emulsion with adequate caloric potentialities. 

Another problem now receiving particular attention is related to mineral 
requirements for the processes of tissue protein reconstruction, especially with 
reference to the intracellular electrolytes, potassium, phosphate and magnesium 
This is a problem of especial nutritive significance because, when there has been 
a loss of tissue in the course of debilitation, particularly of muscle substance, the 
process of tissue-protein depletion is necessarily accompanied by a loss of intra- 
cellular electrolytes. When an attempt is made to rebuild such depleted tissues it 
is obvious that the wasted cells will require not only calories and amino acids but 
also those electrolytes which are normally a part of the internal cellular structure. 
The usual electrolyte solutions, such as saline or glucose solution, provide no 
potassium or phosphate ; furthermore, the hydrolysates themselves are all more or 
less deficient in potassium. Nevertheless there is experimental evidence that 
depleted tissues require these salts for effective protein synthesis. A current problem 
of considerable interest is to ascertain under what circumstances potassium and 
phosphate may be supplied in the course of parenteral alimentation. More consider- 
ation of these electrolyte needs must be given, particularly in view of the fact that 
in many conditions in which parenteral nutrition is employed there has already 
been a marked loss of intracellular potassium, as, for example, because of acidosis 
or alkalosis, dehydration, prolonged vomiting, or severe diarrhea. 

Finally, parenteral nutrition will not be fully accepted as a therapeutic procedure 
so long as it is accompanied by the development of nausea, vomiting and depression 
of appetite. Evidence now available suggests that the tendency to nausea and 
vomiting is due in large measure to a high content in some of the hydrolysates of 
glutamic and aspartic acids. In an effort to minimize these undesirable features, 
Merck and Company have prepared an amino acid solution in which these two 
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amino acids have been replaced by glycine. This product can be injected rapidly 
into human subjects without causing severe nausea, and it can also maintain 
nitrogen balance under appropriate conditions. However, it is not yet commercially 
available, being still in the developmental stage. 

From this brief consideration of some of the difficulties which have been faced 
in the efforts to feed patients parenterally it is apparent that further advances in 
this field must await the solution of several problems. Probably the most important 
of these is that of caloric needs. When it becomes possible to solve this problem 
and thus more nearly satisfy the basic caloric requirements for an efficient utilization 
of amino acids, it should then be an easier task to solve the others. In the meantime 
there is some reassurance in the thought that in an area where there has been such 
rapid progress in such a short time, additional progress is surely to be expected. 


Paut R. Cannon, M.D. 





MASSIVE HEMATEMESIS FROM HIATUS HERNIA 


Report of Four Cases with Discussion of Etiology 


LEMUEL BOWDEN, M.D. 
AND 


CHARLES J. MILLER, M.D. 
NEW YORK 


ASTROINTESTINAL bleeding may on occasion be found in patients with no 

“4% demonstrable lesion other than hiatus hernia. It is unreasonable to believe that 

a hernia in the gastrointestinal tract will give rise to bleeding per se. Frank ulcera- 

tion, or at least mucosal erosion, must be present in the herniated viscus to account 
for the complication. Other writers on the subject agree with this opinion.’ 


Hiatus hernia has been estimated to be present in from 0.06 to 2.9 per cent of 
all patients subjected to roentgen examination of the gastrointestinal tract.* The 
apparent increasing incidence of hiatus hernia in recent surveys as compared with 
those of earlier years is undoubtedly due to its more frequent recognition.* Many 
persons with hiatus hernia live a normal span of years without any signs or 


From the Gastric Service, Memorial Hospital. 
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symptoms referable to this anatomical abnormality. Why certain patients with 
hiatus hernia experience blood loss remains a moot question. 

Recent experience with four patients with massive bleeding from hiatus hernia 
has provided reason for speculation as to the factor precipitating the hemorrhage. 
In three of these patients this complication developed during convalescence fronr 
completely unrelated surgical procedures. The fourth patient was treated as an 
emergency 28 months after undergoing an operation for an unrelated gastro- 
intestinal lesion. 


Brief case abstracts on these four patients follow: 


Case 1—A. H., a 79-year-old widow, had a squamous carcinoma, grade II, of the buccal 
mucosa, excised on Aug. 16, 1948, by Dr. Lucille Loseke. Oral and pharyngeal suctioning was 
necessarily performed postoperatively, causing the patient to gag and cough excessively and after 
several hours to vomit repeatedly. Blood in increasing amounts appeared in the vomitus. 
Aspiration of the stomach contents with a Levin tube was begun and blood replacement 
instituted by means of slow intravenous transfusion. Careful questioning of the patient disclosed 
no previous episodes of hematemesis, melena, abdominal pain or persistent indigestion. 

During the next four days loss of blood via the Levin tube gradually ceased. Two thousand 
five hundred cubic centimeters of blood was required for replacement therapy. On the 11th 
posteperative day gastrointestinal fluoroscopy revealed only a paraesophageal hiatus hernia with 
no evidence of ulcer in the herniated stomach at the time. 

The patient was discharged improved on the 15th postoperative day. 


Case 2.—O. S. M., a 63-year-old manufacturer, underwent laryngofissure and left cordectomy 
for carcinoma on Feb. 3, 1950, by Dr. Oliver S. Moore. Tracheostomy was maintained for 24 
hours. A troublesome nonproductive cough persisted during convalescence. 

On the eighth postoperative day the patient complained of severe, crushing pain in the right 
upper anterior region of the thorax associated with the vomiting of a small amount of blood. 
Hematemesis, again associated with chest pain, recurred on the 10th postoperative day and 
continued during the next three days. Treatment consisted of sedation, continuous slow blood 
transfusion and hourly feedings of milk and cream. 

\ limited gastrointestinal fluoroscopic examination performed during this period disclosed 
only a diaphragmatic hernia, with no evidence of tumor, varices or ulcer. Bleeding finally 
subsided on the 13th postoperative day, and convalescence was thereafter uneventful. 

Case 3.—F. D., a 62-year-old steamfitter, was admitted to the hospital on Feb. 22, 1950, 
because of nausea, hematemesis and melena of five days’ duration. The patient had been 
previously hospitalized in 1947 for a carcinoma of the left colon for which he had undergone a 
two stage resection. ¢ 

At the time of his admission the hemoglobin content was found to be 2 gm. per 100 cc 
During the next five days the patient received a total of 4,750 cc. of blood, with a gradual rise 
in the hemoglobin to 14.3 gm. and in the hematocrit value to 41%. 

On the fifth hospital day gastrointestinal fluoroscopy was performed and demonstrated the 
presence of a small hiatus hernia only. Subsequent questioning of the patient revealed that in the 
week prior to his admission he had had a respiratory infection with an associated severe cough. 
He had no further hematemeses after his admission, and tarry stools ceased after his third 
hospital day. He was discharged improved on the 13th day and has had no further bleeding 
since. 

Case 4—J. W. C., a 67-year-old carpenter, underwent an anterior resection of an adeno- 
carcinoma, grade II, of the rectosigmoid on April 24, 1950. On the first postoperative day after 
several tracheal aspirations, the patient vomited a small amount of coffee-ground material. The 
following day a Levin tube was passed and about 400 cc. of coffee-ground residue intermixed 
with some fresh blood was obtained. Tracheal aspirations were necessarily continued because 
of the patient’s tenacious, mucoid sputum and because of roentgenologic evidence of atelectasis 
ot the right upper lobe. 

There was progressive diminution in the quantity of the gastric contents aspirated until the 
fifth postoperative day, when constant suction was discontinued. The passage of frequent tarry 
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stools continued through the following day. The patient’s hemoglobin level had fallen to 6 gm. 
from a preoperative level of 16.2 gm. 

On the seventh postoperative day an emergency gastrointestinal fluoroscopy was performed. 
This revealed the presence of a large hiatus hernia, with an area suggestive of an ulcer crater 
at the lower end of the esophagus. The patient was accordingly placed on a modified 
Muelengracht regimen with multiple interval feedings. Convalescence was otherwise uneventful. 


COM MENT 


It is to be noted that in three of the above cases the massive bleeding occurred 
in the immediate postoperative period following surgical intervention for com- 
pletely unrelated lesions. One patient not only had a tracheostomy for 24 hours 
which required frequent suction but continued to have a hacking, nonproductive 
cough until the onset of his complication. Two patients were subjected to the 
routine postoperative procedure of frequent oral and tracheal aspirations. The 
fourth patient described admitted having had a heavy chest cold, characterized 
hy paroxysms of coughing, for the immediate few days preceding his admission. 

The exaggerated motions and periods of temporary spasm of the diaphragm 
secondary to the coughing, oral suction, or tracheal aspirations carried out in these 
patients appear to have been causative factors in bringing on the complication of 
massive hemorrhage from the hiatus hernias subsequently demonstrated in all four 
cases. It is felt that such spasm and exaggerated contractions of the diaphragm 
may well have accounted for at least temporary incarceration of the herniated 
portion of the stomach, which under normal circumstances slides back and forth 
from the abdominal into the thoracic cavity, and that this temporary incarceration 
caused vascular engorgement, with subsequent mucosal necrosis and ulceration lead- 
ing to the massive hemorrhage in all cases. This sequence of events is believed 
probable even though the presence of an ulcer was demonstrated on roentgenograms 
in only one of the cases. 

Corroborative evidence in support of this belief is furnished by the reports of 
others ' who have treated patients with symptomatic hiatus hernia by crushing, 
sectioning or exeresis of the left phrenic nerve. This procedure paralyzes the left 
diaphragm and tends to release an incarcerated hiatus hernia if such is pressent. 

An additional factor that may be of some importance in the cause of massive 
bleeding from a hiatus hernia is the action of retained acid gastric secretions in the 
incarcerated gastric pouch above the diaphragm. Although in none of the four cases 
reported above was determination of gastric acidity carried out, it is believed that 
the presence of highly acid gastric contents in an incarcerated viscus might aggra- 
vate or accelerate the tendency toward ulceration of the mucosa already in progress. 


SUM MARY 


Case abstracts on four patients who experienced massive hemorrhage from 
hiatus hernia have been presented. It is believed that massive bleeding from a 


hiatus hernia occurs as a result of infarction, necrosis, and ulceration of the mucosa 


4. (a) Harrington, S. W.: Phrenicotomy in the Treatment of Diaphragmatic Hernia and 
of Tumors of the Wall of the Chest, Arch. Surg. 18:561-598 (Jan., Pt. 2) 1929. (b) Harring- 
ton.2» (¢) Overholt, R. H.: Diaphragmatic Hernia: Management by Phrenic Nerve Inter- 
ruption, S. Clin. North America 13:651-657, 1933. (d) Pickhardt, O. C.; Rafsky, H. A., and 
Ghinlin, F. H.: Treatment of Hiatus Hernia in Older Persons, J. A. M. A. 142:310-314 
(Feb. 4) 1950. 
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of the herniated viscus. in regard to the four cases presented above, it is suggested 
that this sequence of events was initiated by violent contractions of the diaphragm, 
with periods of temporary diaphragmatic spasm secondary to coughing, oral suction 
or tracheal aspirations. 
CONCLUSIONS 
1. Massive bleeding from hiatus hernia may result from violent spastic con- 
tractions of the diaphragm producing congestion and mucosal infarction of the 


herniated portion of the stomach, with subsequent necrosis and ulceration of the 
mucosa. 


2. Interruption of the phrenic nerve impulses to the left diaphragm, although 
untried in our experience, seems a reasonable physiological approach to the cor- 
rection of such an underlying factor in cases of massive hemorrhage from hiatus 
hernia. When the diagnosis is known, and if the presence of an associated gastric 
neoplasm or ulcer can be excluded, then phrenic nerve interruption may be a 


necessary adjuvant to the customary measures of sedation and blood replacement 
therapy. 





PREVENTION OF EXPERIMENTAL LYE STRICTURES OF THE 
ESOPHAGUS BY CORTISONE 


NORMAN ROSENBERG, M.D. 
PHILIP J. KUNDERMAN, M.D. 


LEO VROMAN, M.S. 
AND 
SYLVAN £. MOOLTEN, M.D. 
NEW BRUNSWICK, N. J. 


— ‘ and his colleagues, Spain? and others have demonstrated inhibition 
by cortisone of granulation tissue formation in experimentally induced wounds, 
probably due to a local inhibitory action of the hormone on fibroblasts.* More 
recently, Stinchfield * applied cortisone successfully in preventing excessive bone 
and fibrous tissue formation after experimental arthroplastic procedures. 


With a view to the practical clinical application of these data to man in the 
prevention of cicatricial stenosis of the esophagus following injuries such as lye 
burns, experiments were undertaken having as their object the controlled produc- 
tion of lye stricture in the experimental animal and its prevention by means of 
cortisone. The rabbit was selected as best suited from the standpoint of both rate 
of survival and economy of dosage of the hormone. 


TECH NIQUE 

A rabbit of approximately 2.5 kg. was anesthetized with open-drop ether and 
strapped supine to an animal board. An olive-tipped metal bougie was guided gently 
into the esophagus, and an infant-sized esophagoscope threaded over the bougie, 
which was then withdrawn. Under direct vision, the correct position of the instru- 
ment (previously marked at the teeth level with adhesive tape) was checked, and a 
cotton-tipped applicator soaked with 5% sodium hydroxide solution was introduced 
to a point just beyond the distal end of the esophagoscope. Gentle circular swab- 
bing of the esophagus was carried out for 60 sec., after which the instrument and 
applicator were withdrawn. Once the esophagoscope was passed, all phases of the 
experiment were carried out rapidly, because compression of the trachea by the 


From the Laboratories of the St. Peters General Hospital. 


1. (a) Ragan, C.; Howes, E. L.; Plotz, C. M.; Meyer, K., and Blunt, J. W.: Proc. Soc. 
Exper. Biol. & Med. 72:718, 1949. (b) Howes, E. L.; Plotz, C. M.; Blunt, J. W., and Ragan, 
C.: Surgery 28:177, 1950. 

2. Spain, D. M.; Malomert, N., and Haber, A.: Am. J. Path. 26:710, 1950. 


3. Baker, B. L., and Whitaker, W. L.: Endocrinology 46:544, 1950. Corman, I.: Science 
113:37, 1951. 


4. Stinchfield, F. E.: J. Bone & Joint Surg. 32:739, 1950. 
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instrument against the bony thoracic inlet was found occasionally to produce 


asphyxial cyanosis and marked bradycardia. Three animals succumbed during such 
intubation and are not included in the series. 


Cortisone (cortone®)*® was 
mg. per kilogram of initial body 
first two weeks and withdrawal 


dose was given 45 to 60 min. 


administered subcutaneously in doses of 6 to 10 
weight, with gradual reduction in dosage after the 


after the fourth week. In most instances the first 
after production of the injury. 


RESULTS 
The result of the study in 


26 rabbits is detailed in the accompanying tables and 
in the illustration. 


Tasie 1.—Results Among Controls 
Day 
of Death 
Rabbit or Day Cause of Death and 
No. Death Killed Other Findings Esophagus, Gross Findings * 
6 Early 7th Starvation? Plaque of raised slough with marked thickening of 
(animal wall by exudate 
eachectic) 


Starvation: Stricture of midesophagus; no proximal dilatation 
(animal 


eachectic) 


Late 25th killed Stricture of midesophagus; dilatation proximally 


Late 27th Killed; chronie Stricture of midesophagus; marked proximal dilata- 
purulent em- tion 
pyema, left 
Late 85th Killed 


Late 16th 


Stricture of midesophagus; ulcer at stricture site; 
proximal dilatation present 
Stricture of midesophagus; marked proximal dilata- 


tion; small plaques of slough in mucosa proximal 
to stricture 


Late 38th killed 


Late 38th killed Stricture of midesophagus; ulcer at stricture site; 
moderate proximal dilatation 

Slight eccentric narrowing of midesophagus, due 
to eccentric longitudinal sear 

Late 838th Killed 


Stricture of lower midesophagus; moderate proxi 
mal dilatation 


Late 38th Killed 


acta 








* Note that in seven of eight animals living long enough, esophageal strictures developed at the site 
f injury. 


inst SLO 


Control Group.—Seven of eight control rabbits which survived longer than 16 
days presented well defined, localized strictures of the esophagus, with varying 
degrees of compensatory dilatation and hypertrophy above the constriction. The 
wall at the site of stricture was thickened and was cut with some resistance. Its 
mucosa was thrown into longitudinal folds and was occasionally ulcerated. Micro- 
scopically, pronounced increase in submucosal fibrous tissue was seen at the level 


of injury. One control animal presented only slight eccentric narrowing of the 
midesophagus by localized scar. 


mips He RINE 


Cortisone-Treated Group.—Significant narrowing of the esophagus developed 
in only one of seven cortisone-treated rabbits which survived the initial period after 
injury. In this animal stenosis was slight and far less than that in the controls. 
In three rabbits the esophagus appeared almost normal grossly, and in one of these 


5. Kindly supplied by Dr. Augustus Gibson, Exetutive Director, Medical Department, 
Merck & Company, Inc., Rahway, N. J. 
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the wall appeared unusually thin and delicate. Two rabbits presented incompletely 
‘healed ulcerations, with slight surrounding induration but without diminution in 


Taste 2.—Early Deaths in Cortisone-Treated Animals 





Day 
of Death 
Rabbit or Day Cause of Death and ‘ 
No. Killed Other Findings * Esophagus, Gross Findings 


15 2d Suppurative mediastinitis; left Acute, necrotizing esophagitis with acute ulcera- 
pleural effusion; pulmonary tion; possibility exists of instrumental per- 
edema foration, not detected at autopsy 

uu 6th Undetermined Elongated, midesophageal ulcer with thin layer 

of slough; edema not marked 

19 6th Bilateral fibrino-purulent em- Extensive esophagitis; no ulcer; no narrowing ; 
pyema moderate edema 

ll 7th Killed Elongated ulcer; thin layer of slough; minimal 

edema 

7 ith Killed Midesophageal ulcer with thin layer of slough; 

edema not marked 

8 9th Multiple lung abscesses, right Elongated midesophageal ulcer; patchy slough 
lower lobe; fibrinous pleuritis 
with effusion, left; multiple, 
pinpoint liver abscesses 

Undetermined Elongated midesophageal ulcer; patehy slough 
Undetermined No ulcer; no narrowing; two areas of slight 
thickening and severe vascular injection (re- 
ceived penicillin) 
Massive hemorrhage from Huge undermining esophageal ulcer, with per- 
esophagus; terminal perfora- toration and hemorrhage 
tion without mediastinitis 
Severe diarrhea and dehydra- Small, slitlike uleer; no slough; no notable 
tion thickening (received penicillin) 





Note high incidence of complications and deaths associated with infection in this group. 





Taste 3.—Late Deaths in Cortisone-Treated Animals. 





Day 
of Death 
Rabbit or Day Cause of Death and 
No. Killed Other Findings Esophagus, Gross Findings 
18 19th Broken back, with paraplegia No strieture; four small, closely spaced sub- 
(postanesthetie struggling) mucous abscesses of the esophagus 
4 21st Diarrhea No strieture; esophagus almost normal grossly ; 
mucosa thin, translucent; no thickening of 
esophageal wall 
No stricture; transverse, circumferential local 
ized esophageal ulcer, with reddened granu 
lating base; a wider than normal 
at this level and still elastic (received peni- 
cillin) 
35th Killed; severe eezematoid, seal No strieture; small, slitlike, longitudinal ulcer, 
ing periocular and auricular almost healed, situated in midesophagus; 
skin infection esophagus at this level is thin and distensible 


Killed No stricture; esophagus almost normal grossly ; 
some adhesions of mediastinal tissues to mid- 
esophagus 


No strieture; esophagus almost normal grossly 
(received penicillin) 

Slight stricture of midesophagus, with slight 
local thickening of wall, far less than in con- 
trols; minimal proximal dilatation (received 
penicillin) 


killed 


killed 


Killed 








elasticity or caliber. These animals were still under the influence of cortisone at the 
time they were killed. In another, dead in 19 days, there were small abscesses in the 
submucosa at the level of injury, without appreciable narrowing. 

In animals treated with cortisone, a high incidence of complications was seen. 
Most of these were infections in the early period after injury, such as suppurative 
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mediastinitis, empyema, lung and liver abscesses, and pneumonia. In one instance 
small submucosal abscesses were noted in the esophagus at the site of injury. 
Extensive undermining ulceration of the esophagus occurred in one animal, resulting 
in massive hemorrhage and terminal perforation, analogous, perhaps, to perforation 
of peptic ulcerations reported in man during treatment with cortisone or pituitary 
adrenocorticotropic hormone (ACTH).° 

From Tables 1, 2, and 3 it is seen that the mortality rate in the entire cortisone- 
treated group is more than twice as high (10 of 17 rabbits) as among the controls 
(two of nine rabbits), counting all animals killed as “surviving.” 

The accompanying photograph demonstrates the marked contrast between con- 
trol and treated animals as far as the de: elopment of stricture is concerned. 


Esophageal lesions in control animals at 27 and 38 days, respectively, are depicted in A and 
B. The sharply localized stricture with thickening of submucosal tissues is to be noted. Marked 
proximal dilatation is present. Specimens shown in C and D are those obtained after 21 and 44 
days in the cortisone-treated group. Note absence of stricture and almost normal caliber of 
esophagus. The irregular mucosal border in C is an artefact. Specimens photographed after 
fixation in formaldehyde. 


COMMENT 

From the evidence presented, it appears that cortisone may inhibit fibroplasia 
sufficiently to prevent the severe esophageal stenosis ordinarily resulting from a 
localized, experimental sodium hydroxide burn. A high incidence of suppurative 
complications, mostly intrathoracic, was noted in the cortisone-treated series of 
animals. 

The experimental results reported here can be considered only preliminary, 
and studies are being continued to test the effects of delayed administration of corti- 
sone on sodium hydroxide burns of the esophagus, with a view to taking advantage 


6. Habif, D. V.; Hare, C. C., and Glaser, G, H.: Perforated Duodenal Ulcer After ACTH 
Therapy, J. A. M. A. 144:996 (Nov. 18) 1950. Smyth, G. A.: Activation of Peptic Ulcer 
During Pituitary Adrenocorticotropic Hormone Therapy, J. A. M. A. 145:474 (Feb. 17) 1951. 
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of normal exudative (i. e., defensive) reactions to injury in the interval before 
irreversible fibroplasia develops. A duplicate series of observations with ACTH 


is also being carried out. 
SUMMARY AND CONCLUSIONS 

1. A technique is described for the experimental production in rabbits of a 
localized sodium hydroxide burn of the esophagus which progresses to stricture 
formation. 

2. Cortisone, by inhibiting fibroplasia, greatly diminishes the tendency to scar 
tissue contracture in the esophagus after such an injury. 

3. Infection, mostly intrathoracic, is an important complication in the cortisone- 
treated group and accounts in larger part for their higher mortality rate when 
compared with controls. 
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GRAFTS IN EXPERIMENTAL AORTIC DEFECTS 
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HE FEASIBILITY of bridging experimental arterial defects with vascular 

grafts preserved by refrigeration in salt solution and in defibrinated plasma 
was demonstrated by Carrel.' He found that the chances of successful function 
of the preserved graft, whether arterial or venous, were better when the donor and 
recipient animals were of the same species. Such grafts he named homografts. 
Gross and his collaborators * preserved segments of aorta in a mixture of 10% dog 
serum and 90% “balanced salt solution” and reported satisfactory results in 21 of 
24 aortic homografts transplanted into dogs which survived from four days to more 
than 10 mo. after operation. They attributed a considerable measure of their success 
to the fact that when the duration of storage was three weeks or less more than 
80% of the grafts were shown to have viable cells by tissue culture. Successful 


implantation of venous segments into arteries as fresh autologous grafts in patients 
and as homologous grafts, preserved by quick freezing and storage in dry ice, in 
dogs * has been reported by one of us (A. H. B.). It seemed expedient, therefore, 
to examine the behavior of venous segments grafted into arteries after storage in 


conditions calculated to preserve their viability. Preliminary observations are 
recorded in this paper on the use of venous homografts stored for varying periods 
in balanced electrolyte-serum solution and on the changes which occur in the graft 
and in the surrounding tissues of the host. 


During the tenure of a Rockefeller Foundation Travelling Fellowship (Dr. Macpherson). 

During the tenure of a Rosenstock Foundation Fellowship in Vascular Surgery (Dr. 
Nabatoff). 

From the Department of Surgery, College of Physicians and Surgeons, Columbia 
University, New York. 

1. Carrel, A.: J. Exper. Med. 9:226, 1907; Ann. Surg. 52:462, 1910; J. Exper. Med. 
15: 389, 1912. 

2. (a) Gross, R. E.; Bill, A. H., and Peirce, E. C.: Surg., Gynec. & Obst. 88:689, 1949. 
(b) Peirce, E. C.; Gross, R. E.; Bill, A. H., and Merrill, K.: Ann. Surg. 129:333, 1949. 

3. Blakemore, A. H.; Lord, J. W., Jr., and Stefko, P. L.: Surgery 12:488, 1942. Blake- 
more, A. H., and Lord, J. W., Jr.: Nonsuture Method of Blood Vessel Anastomosis, J. A. M. A. 
127:685 (March 24) 1945. 
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METHODS 


The experiments were performed on adult dogs weighing 7.5 to 19 kg. and anesthetized 
by intravenous injection of pentobarbital sodium (nembutal sodium®). Segments 5 to 6 cm. 
long were removed from the inferior (caudal, posterior) vena cava between the junction of 
the iliac veins and the entrance of the renal veins (21 experiments) or from the external 
jugular veins (three experiments). The veins were preserved by suspension in a sterile storage 
medium at 4 to 6 C. in 125 cc. Erlenmeyer flasks or in pyrex® test tubes sealed with tightly 
fitting rubber stoppers. The storage medium was 10% dog serum and 90% Simms X7 solution,* 
to which penicillin and streptomycin were added to give a concentration of 50 units of each per 
milliliter. Either at the same time as excision of the vena cava (nine experiments) or three 
or more weeks later, a segment of the abdominal or thoracic aorta was excised and replaced 
by a stored venous homograft. Triangulation sutures, followed by a continuous everting 
mattress suture of 00000 braided arterial silk, were used to make the anastomosis. In order to 
reduce to a minimum any chances of hind-limb paralysis it was considered desirable to main- 
tain the circulation during the process of anastomosis. A flanged tube of suitable length and 
caliber and made of material with a nonwettable surface (pure polyethylene or glass, the lumen 
of which had been coated with silicone 5) was threaded through the length of the vein graft 
and fixed into each end of the divided aorta by a rubber band pulled tight over the vessel wall 
and secured by a strong silk suture. When two-thirds of the second anastomosis was completed, 
the holding sutures were cut, the tube removed and the suturing rapidly completed or, after 
completion of the anastomosis, the tube was removed through a separate incision in the distal 
aorta. The periods of aortic occlusion necessary for the insertion or removal of the tube 
averaged seven minutes. Hemostasis was secured by pressure or extra stitches, and the posterior 
peritoneum was loosely sutured over the graft. 

Animals were killed at intervals varying from one day to 22 wk. after operation. The 
behavior of the graft was studied by tissue culture (19 vessels), by histological examination 
at the time of implantation, by contrast radiography in four animals, and by the gross and 
microscopical appearance at autopsy. 

A small section of vena cava was cut into pieces generally 1 to 2 mm. on a side. These in 
turn were planted for tissue culture by the Maximow ® double cover slip method. Six to eight 
such slides containing three colonies each were prepared from each vessel. The explants were 
imbedded in a coagulum containing one part chicken plasma, one part ox serum ultrafiltrate, 
one part 50% embryo extract and three parts dog or horse serum. A nutrient solution made 
from three parts serum, one part ox serum ultrafiltrate and one part 50% embryo extract was 
used to cover the coagulum and explant. This solution was renewed twice weekly during the 
period of observation. 

Aortography was done with the animals under light anesthesia induced with thiopental sodium 
(pentothal sodium®). The external jugular vein was entered with a 15 gage needle, the animal 
turned on its side and the plate exposed seven seconds after the injection of 15 ce. of 70% 
iodopyracet solution (diodrast®). Accurately timed, this method outlines clearly the whole 
descending aorta and the common iliac arteries (Figs. 1 and 2). 

At autopsy, the length of the graft and the internal circumferences of the graft and of the 
host vessel were measured and sections for histological examination were taken from each 
suture line and from the center of the graft. Sections were stained with hematoxylim and eosin, 
trichrome connective tissue stain and Verhoeff’s elastic tissue stain. 


RESULTS 


Twenty-two of the 24 veins stored in balanced electrolyte-serum solution were 
grafted into other dogs. One vein was set aside specifically for tissue culture pur- 
poses, and one was discarded because of fungous infection in the medium. 


4. Simms, H. S., and Sanders, M.: Use of Serum Ultrafiltrate in Tissue Cultures for 
Studying Deposition of Fat and for Propagation of Viruses, Arch. Path. 383:619 (May) 1942. 

5. Dry-Film,® a product of General Electric Corporation. 

6. Maximow, A.: Contrib. Embryol. 16 (No. 80):147, 1925. 
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Fig. 1—Aortogram showing appearance of graft stored for 78 days. This picture was 
obtained 15 days after implantation into Dog 594. 
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Fig. 2—A, aortogram of graft stored 14 days and implanted into Dog 515 for one week. 
The length of the graft is marked by arrows. 


‘ : n B, aortogram of same graft 14 wk. after 
implantation. Note the reduction in dilatation present at one week. Length of graft is marked 
by arrows. 
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Simms’s work with chicken vessels * suggested that not less than 20 cc. of 
medium per gram of tissue should be used to store the vein segments and that the 
pH should be kept at or just above 7.4. Of 15 veins so stored, however, only four 
grew on tissue culture, whereas good growth occurred from three of four vein 
segments stored for periods of seven to 18 days in only 10 cc. of medium. Hanks ‘ 
has reported that optimum viability is maintained during storage at 6 to 8 C. when 
there is just enough solution to cover the tissue. 

Homologous serum appeared to provide more suitable conditions for growth 
than did untreated horse serum. Eight cultures from fresh veins were planted out 
in two groups, using (a) horse serum in the medium and (b) dog serum. Both 
groups showed growth. However, in group b the lag period before growth was 
five days and all the explants grew well. In group a the lag was seven days, only 
75% of the explants grew, and the growth was generally poor, only a few cells 
emerging from many of the explants. 

In both fresh and stored veins there was, with the lying-drop method, a lag 
period of at least five days before growth appeared from an explant. The length 
of this lag period bore no relation to the duration of storage. The optimum duration 
of storage as suggested by the results of tissue culture could not be specifically 
studied in so small a series. In one experiment repeated cultures of a vein stored 
in the electrolyte-serum medium grew well up to the 19th day but showed no growth 
when cultured at or after 30 days’ storage. Growth in vitro may sometimes occur 
after prolonged periods of storage. One vein segment showed some growth after 
storage for 87 days. This finding agrees with the work of Peirce *® on arterial 
segments. 


It appears, however, that tissue culture viability at the time of implantation was 
not an indispensable condition for the immediate and the continued function of 
venous homografts observed for periods up to 22 wk. after implantation (Table 1). 


There was one postoperative death among the 21 dogs subjected to vena caval 
resection. One dog had to be killed because of distemper five days after operation, 
and in one a refractory eczema developed over the hindquarters. In none of the 
others did any edema or significant weight loss occur, even when they were kept 
for eight months and subjected to further operations. 

After periods of storage, these venous homografts were implanted into the aorta 
of 22 dogs (4, thoracic aorta; 18, abdominal aorta). There were five deaths at the 
time of operation (three cardiorespiratory failures during thoracotomy, two from 
hemorrhage), and three animals died within 24 hr. of operation. Occlusion of the 
graft by thrombosis two or more days after operation occurred in one transplanted 
vena cava and in one external jugular vein, in which the thrombus had formed on 
the cephalic side of a venous valve. 

The normal activity of the surviving animals, the presence of strong femoral 
pulses, and the aortograms in four cases revealed the grafts to be patent. Mural 
thrombi, sometimes lining the whole inner surface of the graft, were found eight 
times at postmortem examination. Table 2 compares the internal circumference of 
the graft with that of the host aorta and relates it to the incidence of mural throm- 
bosis. It shows that where there was a measurable disparity between the circum- 
ferences of the aorta and that of the graft the distended vein behaved like a 
fusiform aneurysm and was lined with laminated clot. Where the graft and the 


7. Hanks, J. H.: Proc. Soc. Exper. Biol. & Med. 71:196, 1949. 
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aorta were approximately the same size, mural thrombosis did not occur so often 
or so extensively. The thrombus was covered with intimal tissue in all the longer 
survivors but one (Dog 515, killed 22 wk. after grafting). The postmortem length 
of this graft was 3.5 cm. It had been stored for 14 days and had not grown on 
tissue culture at the time of implantation. Situated on the graft with its edge 4 mm. 


TasLe 1.—Behavior of Venous Homografts After Implantation 








Growth on tissue eulture 
Duration Period of 
of Storage Survival Cause of 
Graft (Days) (Days) Death State of Gru ft 
kK 14 1 killed Thrombus at distal anastomosis 
R 87 9 Killed Patent; mural clot 
C 7 20 Killed Patent; mural clot 
x 16 28 Killed Patent; mural thrombus covered 
with intimal tissue 
Ac 7 21 Killed Patent 
No growth on tissue culture 
J 7 43 Killed Patent; mural thrombi 
L 23 Si killed Patent; intimal surface rough and 
pitted 
1s 3 Late Stenosis distal anastomosis; clot 
thrombosis obliterating lumen 
iM a Killed Patent; unhealed area approxi- 
mately 1 em. diameter 
78 Killed Patent 
18 : Killed Patent; central zone intimal sur- 
face rough 


Paste 2.—Correlation of Incidence of Mural Thrombi with the Circumferences of Grafted and 
Host Vessels 


A. Mural thrombus present but not occluding himen 
Recipient Cireum ference 
Survival Graft, Aorta, 
Graft Number (Days) Condition Cm. Cm. Appearance of Graft Wall 
J 558 3 Active 2.0 15 Intima growing around thrombi 
582 2 Active 2.3 1 Thrombus covered with thin intima 
576 ¢ Lazy 3. 1. Thrombus 2 mm. thick 
515 a Active 1. Thrombus covered with intimal tissue 
except in one area * 
MS 2 Active 2 1, Thrombus lining whole extent * 
S58 2 Active 24 1.5 Thick thrombus, mostly covered with 
intima * 
695 4 Active , 2 Thrombus 4 mm. thick; intimal cover- 
ing near suture lines only 
AD 611 47 Active 7 : Tbhrombus lining whole graft 
B. No mural thrombus 
T OM 14 


Active 2.4 , Rough areas near both suture lines; 
no thrombi * 

Ww 877 2 Aetive : 3 Surface not smooth, but no thrombi 

AC 658 21 Active 3 ; Smooth complete lining 

Ad 4s 7 Active . Smooth but discolored lining 


* Aortograms in these cases showed grafts to have smooth walls and to be rather larger in diameter 


than the aorta. All grafts were more than 3.5 em. long. Dogs were killed at the time shown. 


irom the distal suture line was an ulcer-like area 1 cm. in diameter, the base of 


which was formed by fibrous tissue and the walls by soft unorganized thrombus. 


HISTOLOGICAL CHANGES IN IMPLANTED SEGMENTS 


The histological changes in the graft and in the tissue of the host have been 
followed in specimens removed at approximately 12, 24 and 48 hr. after implanta- 


tion, at weekly intervals up to the sixth week, and thereafter at various times up to 
the 22d postoperative week. 
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The eversion-mattress-suture method leaves a V-shaped cleft between the 
intima of the host and that of the graft, which in specimens removed immediately 
after operation wa: filled with a wedge-shaped thrombus. The rest of the apposed 


Fig. 3.—Photomicrograph of anastomosis 24 hr. after implantation. A small tag of host 
aorta to the left projects into the lumen of the vessels and has a bridge of tissue to the vena 


caval graft made up of fresh thrombus and early fibroblastic activity. Hematoxylin and eosin; 
x 60 


Fig. 4.—The suture line is shown four weeks after anastomosis. Note the smooth continuity 
of the intima from the everted host aorta on the left, with the new intimal covering of the 
vena caval graft (4—B). Hematoxylin and eosin; x 30. 


surfaces appeared to be adherent from any early period. In one specimen removed 
24 hr. after operation, the gap between host and graft appeared to be bridged by a 
spur of cellular tissue from the intima of the host (Fig. 3). No such growth 
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was ever seen from the grafts. Inflammatory cells rapidly infiltrated the adventitia 
and the cut wall of the host vessel. They were present in great numbers in the tissues 
around the graft and soon began to penetrate into the graft. Within a day or so the 
endothelium became swollen and degenerated. In several days to two weeks 
the fibrocellular tissue which grew from the host intima replaced the intima of the 
homograft .( Figs. 4, 5). One graft 3.4 cm. long was entirely lined by this tissue 14 
days after implantation. At six weeks the lining tissue was generally thicker than the 
intima of the host aorta (Figs. 6, 7) and consisted of layers of fibroblasts parallel 
to the surface ; it narrowed toward the center of the grafts. Apparently organization 
occurred in larger mural thrombi before intimal growth took place (Fig. 7, 
154 days). No trace of an internal elastic lamina was seen in the new “intima” 
of the graft. 

In time, the outer layers of the vein homograft were invaded by fibroblasts and 
vessels from the surrounding areolar tissue of the host. Active fibroplasia was seen 


Fig. 5.—The line of anastomosis is shown at six weeks. The sparseness of elastic tissue in 
the vena caval graft contrasts with the abundant elastic fibers of the normal aorta shown at the 
right. Verhoeff’s elastic stain; x 60 


in the nine-day specimen and in the four, six, and eight-week specimens. A few 
degenerating muscle fibers persisted up to six weeks after implantation (Fig. 7). 
In specimens removed 12 and 22 wk. after implantation three fibrous tissue strata 
had formed the thickness of the wall. The external, or “adventitial,” zone was a thick 
layer resulting from fibroblastic reaction by the perivascular tissues of the host. 
This fibrous tissue was dense and whorled. A narrow intermediate zone represented 
the residual elements of the graft. The scanty, fragmented elastic fiber mesh was 
infiltrated by a mat of coarse fibers aligned parallel to the long axis of the graft. 
No smooth muscle fibers were identified. The inner, or intimal, zone was of moderate 
but varying thickness, being greatest at the junction with the host aorta, whence it 
originated. This layer was a dark-staining fibrocellular mantle covered by an 
endothelium-like layer of cells. 
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Fig. 6.—Photomicrograph of the wall of a vena caval graft six weeks after implantation. 
Three zones of fibrous tissue are shown. The intima (4A—B) consists of fibrocellular layer 
paralleling the surface. The middle layer (B—C) is a narrow band containing the original 
graft. Thick, interlacing bands of fibrous tissue replace the degenerating smooth muscle cells. 
The thick outer zone (C—D) represents the whorled dense fibrous tissue embracing the graft 
and has been derived entirely from fibroblasts of the host. Trichrome stain; x 60. 








Fig. 7—The arrow marks the line of anastomosis. At 22 wk. the extremely thick intimal 
layer of the graft has smooth continuity with the intima of the host aorta shown at the left. 
The actual graft is extremely thin and contains few elastic fibers. On the right the excessive 
thickening of the intima of the graft is due to an organized mural thrombus (A—B). Verhoeff’s 
elastic stain; x 30. 
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An experiment was carried out to demonstrate that increases in the thickness 
of the vena caval graft after implantation were the result of fibroblastic activity 
from the host tissues rather than from viable cellular elements of the graft itself. 
Two homografts, one of which gave a good growth on tissue culture, were isolated 
from the host tissues at the time of implantation by wrapping them loosely in 
nonirritant cellophane. The specimens were examined four and seven weeks later. 
In both specimens, despite extensive mural thrombosis, there was a growth of lining 
tissue from the adjacent aorta. The graft was very thin and consisted of swollen 


elastic fibers and degenerating cells separated by spaces containing whole and 
degenerated erythrocytes (Fig. 8). 


Externally, there was a conspicuous absence 
of fibroplasia or of any cellular reaction whatsoever. This was believed to be due 
to the barrier to the perivascular fibroblasts of the host presented by the cellophane. 
The ends of the host aorta, which were overlapped for a distance of 2 or 3 mm. by 
the cellophane envelope, did not show any unusual changes. 





Fig. 8.—Photomicrograph of wall of vena caval graft implanted four weeks. The outer 
portion of the wall shown at the lower edge had been isolated from the host tissues by a layer 
of nonirritant cellophane. Note the absence of the outer dense whorled fibrous layer, as shown 
in Figure 6. The thick layer shown above the arrow consists of organized mural thrombus 
lining the lumen. Below is the thin degenerating wall of the graft, which was viable as 
demonstrated by tissue culture at the time of implantation. Hematoxylin and eosin; x 60. 
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The observations recorded in this paper were made from preliminary experi- 
ments carried out during 1948-1949. Further work on the use of various types 
of vascular grafts preserved by this and other methods and on their fate during 


periods up to several years after grafting is in progress and is being reported 


separately. The results of the present study, however, permit certain limited 
deductions, as follows: 


8. Deterling, R. A., Jr.; Coleman, C. C., Jr., and Parshley, M. S.: New York J. Med. 
6:19 (July 5) 1950; Surgery 29:419 (March) 1951. Coleman, C. C., Jr.; Deterling, R. A., Jr., 
and Parshley, M. S.: Ann. Surg., to be published. 
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1. Veins preserved by refrigeration at 4 to 6 C. in 10% homologous serum and 
90% Simms X7 solution can successfully be used to bridge aortic defects in other 
dogs. 

2. The volume of the medium used for storage should be no more than sufficient 
to submerge the vascular segment. Homologous serum in the clot and feeding 
solution appeared to provide better conditions for growth of the veins in tissue cul- 
ture than did horse serum. 


3. Over the period of these observations, the function or fate of the venous homo- 
graft could not be correlated with the results of tissue culture at the time of implan- 
tation. The occurrence of a circumscribed ulcer-like area in a graft which functioned 


for 22 wk. after failing to grow in tissue culture suggests the possibility that a 
longer period of observation may reveal differences in the behavior of grafts which 
have and have not shown growth in vitro at the time of implantation. 

4. When there was a conspicuous difference in the circumference of the aorta 
and of the venous transplant, laminated clot formed on the wall of the graft, as it 
would in a fusiform aneurysm. This mural thrombus was slowly organized and 
endothelized to form a smooth lining for the blood channel. 

5. Some of the fibrous and elastic tissue in the middle coat of a venous homo- 
graft persists. The cellular elements, whether it has been possible to prove 
viability in vitro or not, slowly degenerate. The intima appears to be replaced by a 
fibrocellular layer from the host vessel and the other layers by reactive ingrowth of 
fibroblasts from the perivascular tissues. When the outer coats were isolated from 
the host, no such creeping substitution occurred in them. The vein wall then showed 
degenerative changes. It did not demonstrate autogenous fibroplasia. These obser- 
vations concerning vascular grafts are in accordance with the known reactions of 
the body to other types of homograft. 


SUMMARY 


Segments of the inferior (caudal, posterior) vena cava and the external jugular 
vein of dogs have been used as preserved homografts to bridge experimental aortic 
defects. The behavior of 22 such grafts up to five months after implantation and the 
histological changes which occur in them are described. 


Dr. R. J. Veenema and Dr. R. Thors assisted in the preparation of the microscopical sections, 
and Mrs. E. R. Peterson assisted in the tissue culture work 














EXPERIMENTAL RIGHT TO LEFT PULMONARY BLOOD SHUNT IN DOGS 


E. CONVERSE PEIRCE 2nd., M.D. 
BALTIMORE 


O STUDY the effect of parenteral administration of oxygen on unanesthetized 

cyanotic dogs, the construction of a right to left pulmonary blood shunt was 
undertaken in 1947. A satisfactory procedure was developed consisting of left 
pneumonectomy and anastomosis of the left pulmonary artery to the pulmonary 
vein of the left iower lobe through a graft. This procedure has not proved satisfactory 
for oxygen studies because of the frequency of fatal paradoxical oxygen embolism. 
These shunts are reliably large, however, and venous catheterization of the left heart 
is readily accomplished through them. The method devised is suitable for physio- 


: Fig. 1.—Dog 95-48. Photograph at completion of anastomosis. The size of the shunt in rela- 
tionship to the aorta lying above is seen. The phrenic nerve and the heart lie immediately below 
the graft. 


logical studies of chronic cyanosis, right and left heart pressures, intracardiac elec- 
trocardiography, and left heart cinefluorography. It is for these reasons that it is 
reported. 


PROCEDURE 


Mongrel dogs weighing 13 to 30 kg. were anesthetized with pentobarbital sodium 
(nembutal*) intravenously and given positive pressure respiration with air or 
oxygen. The chest was entered through the bed of the fifth left rib. A pleural flap 


This investigation was supported by grants from the American Heart Association, Inc., 
and the United States Public Health Service. 

From the Department of Surgery of the Childrens’ Medical Center and the Harvard 
Medical School, Boston, and the Clinic of General Medicine and Experimental Therapeutics 
of the National Heart Institute (Cardiovascular Clinic, United States Marine Hospital, 
Baltimore). 
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was raised about the hilus of the lung and the pulmonary veins and artery branches 
individually isolated. All except the main pulmonary artery to the lower lobe and 
the largest lower lobe vein were ligated and divided. The bronchus was doubly 
clamped, divided distally and closed with a double continuous stitch of 0000 silk in 
the cuff crushed by the distal clamp. On removal of the proximal clamp, the stump 
was tested with saline for air leakage, after which the pleural flap was sutured over it. 
Serrefine clamps were applied to the remaining pulmonary artery and vein; these 
were divided, and the lung was removed. 

An arterial segment 0.6 to 1.5 cm. in outside diameter and up to 2 cm. long, 
preserved by refrigeration,’ was inserted between the arterial and venous stumps, 
a continuous everting mattress suture of 00000 Deknatel silk being used (Fig. 1). 
On removal of the clamps a soft systolic thrill was palpable. The chest was closed 


Results of Pulmonary Shunt 





Cardiac 
Age of Arterial Output 
Weight, Graft, Oxygen, 
Number Kg. Days Duration % 





%e Per 
Shunt* Minute Disposition Shunt at Autopsy Comment 
86-48 19 1 2 days 85 ee “s Given oxygen in- 3.3 em. cir- Died from para- 
travenously cum ference doxieal air em- 
bolus 
90-48 13 20 mo. 85t Pv as Used for other Thrombosed 
work 
95-48 17 12 mo. 79 - an Killed Patent 
104-48} 19 2 mo. 20 2,100 ec. Killed 1.0 em. eir- Successful left 
cum ference heart catheter- 
ization 
115-48 22 8 days 8 pe as Died after angio- 1.8 em. cir- 
eardiography cum ference 
125-48 b 7 1 day oe ee me Postoperative 8.0 em. eir- 
arteriogram cum ference 
3 wk. ae on i Died of empyema Patent small 
mural 
thrombus 
Hr. es ae ee Died from coro- Patent Technical error 
nary air embolus during anasto- 
mosis 
19 days 56 oe Died from ventrie- 3.0 em. cir- Catheter passed 
ular fibrillation cum ference to left heart 
Alive at 25 2,955 ee. Kept for long 3 successful left 
3 mo. term studies heart catheter- 
izations 


* Per cent of total right heart output going through shunt. 

+ Two days postoperatively. 

t Catheterized by Drs. H. K. Hellems and F. W. Haynes. 

§$ Blood oxygen was determined by the Van Slyke method. Other determinations by a less accurate spectrophotometrie 
method. 





in layers, and the right lung was inflated to take up most of the dead space. The 
operation required two to three hours and was frequently done by one person. No 
anticoagulant, penicillin, or other special postoperative care was given. 


RESULTS 
The results are summarized in the accompanying table. Nine of 10 dogs survived 
the operation; one of these succumbed to empyema three weeks postoperatively. 
Among the remaining eight dogs who were killed or used for at least one procedure, 
the shunts were patent from one day to 12 mo. in seven (Figs. 2, 3 and 4), and some 
of the dogs appeared clinically cyanotic, with average arterial oxygen saturations 





1. Peirce, E. C., IT.; Gross, R. E.; Bill, A. H., Jr., and Merrill, K., Jr.: Tissue-Culture 
Evaluation of the Viability of Blood Vessels Stored by Refrigeration, Ann. Surg. 129:333-348 
(March) 1949, 





Sec CRBS as MC atl Sis 


Fig. 2.—Dog 86-48. Postmortem specimen with shunt opened longitudinally. A, left pul- 
monary artery; B, graft; C, pulmonary vein at entrance into left auricle. 





Fig. 3.—Dog 125-48. Arteriogram lateral view made by injection of diodrast® through a 
catheter left in the pulmonary artery at operation, the free catheter end being passed out the 
chest incision. Note the position of the pulmonary valve and the smooth contour of the shunt 
as it passes into the left auricle. The right pulmonary artery is also opacified. 
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of 70.9 to 89.7%. Only one dog, killed at 20 mo., showed thrombosis of the shunt, 
although there was an apparent tendency for some narrowing with time (Fig. 4). 
Immediately after operation the dogs exhibited dyspnea and weakness but within a 
few days were generally able to resume normal exercise. 

Blood samples taken on three dogs subjected to cardiac catheterization showed 
shunts of 20, 25 and 56% of the right heart output (Fig. 5). Cardiac outputs in two 
dogs were within normal limits. One dog died of ventricular fibrillation when the 


catheter entered the left ventricle. The remaining two dogs survived one and three 
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Fig. 4—-Dog 104-48. Postmortem specimen showing sclerosis of the graft at 2 mo., with 
slight narrowing of the shunt. A, left pulmonary artery; B, graft; C, left auricle at entrance 
of lower lobe pulmonary vein. 


Fig. 5.—Dog 12-50. Roentgenogram showing the appearance of the cardiac catheters during 
left heart catheterization. A, anteroposterior projection. The larger catheter (No. 7 Cournand) 
has been passed through the right heart into the right lung. The smaller catheter (No. 6 
Cournand) has been passed through the shunt into the left ventricle. B, lateral view taken 
immediately after 4. The two catheters appear to follow a similar course. The catheters were 
inserted through the right jugular vein, and death resulted from ventricular fibrillation when 
the left ventricle was entered. The position of the catheters was verified after death. 


left heart catheterizations, respectively. Full intracardiac pressures and pulmonary 
capillary pressures were taken on these dogs ( Fig. 6), and in one electrocardiograms 
were taken in all four heart chambers (Fig. 7). It was ascertained that contrast 
studies of the left heart could be carried out without the usual confusing opacification 
of the right heart by inserting a catheter into the shunt and injecting colloidal 
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thorium dioxide (thorotrast*) or 70% iodopyracet injection (diodrast*). No 
cinefluorographic studies were made, however. In the five instances of cardiac cathe- 
terization, the catheter was passed into the left heart with the same ease with which 
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Fig. 6—Dog 25-50. Pressure tracings obtained with the Sanborn electromanometer during 
catheterization of the heart from the venous side. The femoral arterial tracing FA was obtained 
with a separate arterial catheter. V ariations in the individual tracings are respiratory in origin. 
The oe do not appear to be grossly abnormal despite the presence of the shunt. R. A. , right 
auricle; R. V., right ventricle; P. A., pulmonary artery; Shwnt, in or near the anastomosis ; 
L. A., left auricle; P. C. arterial, on catheter occlusion of a branch of the pulmonary artery 
(pulmonary capillary?) ; P. C. venous, on catheter occlusion of a branch of the pulmonary vein 
L. V., left ventricle; Aorta, ascending aorta. Pressures in millimeters of mercury 
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Fig. 7—Dog 25-50. Simultaneous right intra-auricular (RA), left intraventricular (LV), 
and lead II electrocardiograms obtained during venous heart catheterization. 


it may normally be made to enter the left pulmonary artery. This is a much simpler 
procedure than catheterization of the left heart via the arterial route.’ 


2. Hellems, H. K.; Haynes, F. W.; Dexter, L., and Kinney, T. D.: Pulmonary Capillary 
Pressure in Animals Estimated by Venous and Arterial Catheterization, Am. J. Physiol. 155:98- 
105 (Oct.) 1948. 
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Shunts between the pulmonary artery and the left auricle were carried out in 
dogs by Mendlowitz and Leslie to study chronic cyanosis.* A similar procedure was 
carried out by us in five dogs, with resultant thrombosis of three of the five shunts 
within eight weeks after operation, and the operation was abandoned as unreliable. 
There has, however, been some recent interest in the method.‘ Right to left pulmo- 
nary shunts have been produced by making multiple pulmonary artery-pulmonary 
vein fistulas.’ Though often successful, this method is tedious and will not readily 
permit left heart catheterization. We have tried direct anastomosis between a single 
pulmonary artery and pulmonary vein but have found that these passages do not 
carry a large volume of blood unless held open. To maintain the lumen of the shunts, 
it has been found desirable to insert an arterial graft between the artery and the vein, 
Plastic tubes might prove even more effective. 


SUMMARY 


A satisfactory method of producing a right to left pulmonary shunt in dogs is 
described. Animals with such shunts exhibit varying degrees of arterial desaturation 
and are easily subjected to left heart catheterization by the venous route. 


3. Mendlowitz, M., and Leslie, A.: The Experimental Simulation in the Dog of the Cyanosis 
and Hypertrophic Osteoarthropathy Which Are Associated with Congenital Heart Disease, 
Am. Heart J. 24:141-152 (Aug.) 1942. 

4. Rodbard, S.; Krause, S.; Reynolds, R.; Lowenthal, M., and Schack, Jr.: Cardiodynamic 
Effects of Shunts From the Great Arteries to the Auricles, Federation Proc. 9:107-108 
«March) 1950. 


5. Hanlon, C. R.: Personal communication to the author. 











ABERRANT PANCREAS 


Review of the Literature and Report of Three Cases, One of Which Produced Common 
and Pancreatic Duct Obstruction 


SEIBERT PEARSON, M.D. 
LONG BEACH, CALIF. 


BERRANT pancreas is no longer the rare and unusual condition it was once 

considered. It is of particular interest to the surgeon who operates on the 

gastrointestinal tract. From the many bizarre as well as common symptoms pro- 
duced, its presence must always be considered by the abdominal surgeon. 

Aberrant pancreas is defined as pancreatic tissue occurring outside its normal 
anatomical location and without any connection with the normal pancreas. Hunt 
and Bonesteel have accredited the first description of this condition to Jean Schultz 
in 1727, who described it as being present in a diverticulum of the ileum. There 
was no microscopic confirmation of the pancreatic nature of the tissue. In Bris- 
towe’s book covering necropsies for the yeas 1851 is recorded a pancreatic nodule 
1.9 cm. in diameter found in the wall of the ileum. 

Klob, cited by Branch and Gross, is generally given credit for recording the first 
authentic cases with microscopic confirmation. He reported two cases in 1859, one 
involving the wall of the stomach and the other the wall of the jejunum. In 1861 
Zenker found six cases recorded in the literature. Ruediger reviewed the literature 
in 1903 and collected 20 cases, to which he added two. A year later, Warthin was 
able to find 47 cases recorded, to which he added two. Horgan in 1921 found 32 
additional cases and reported two of his own. Simpson in 1927 analyzed 150 cases, 
one of which was a personal case. He noted that accessory pancreatic tissue is 
frequently found in and near the lesser pancreatic duct. 

By 1934 Hunt and Bonesteel were able to collect 185 cases, to which they added 
the 14th case involving Meckel’s diverticulum. The largest series of cases from one 
source was reported by Branch and Gross in 1935. They reported 24 cases, five of 


which were discovered during the course of abdominal operations. In the same year, 
Poppi reported three personal cases and added 123, to bring the total to 312. 

Faust and Mudgett reviewed the literature in 1940. They collected 43 cases 
appearing prior to 1935 and not reported by Poppi or Hunt and Bonesteel. They 
were able to find 14 cases recorded from 1935 to 1940, and they added one personal 


case, 

Derbyshire in 1940 made a histologic and pathologic study of the subject. At 
the Mayo Clinic, he was able to find 106 instances of aberrant pancreas in 11,942 
autopsies from 1905 through 1937. During the year 1938 at the same institution 
he found nine cases among 591 autopsies. In 1943 Mitchell and Augrist presented 
11 cases from the pathological department of the Queen’s General Hospital, Jamaica, 
Long Island. Troll in 1943 reported three cases from the University of Pittsburgh. 
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Barbosa, Dockerty and Waugh in 1946 reported an impressive series of 82 
surgical cases occurring at the Mayo Clinic up to March 1944. Only 41 of these 
were confirmed by microscopic examination. 

Busard and Walters in 1950 added 43 cases reported prior to 1944 and col- 
lected 28 from the literature between 1944 and 1947 inclusive. They recorded 
a case from the Mayo Clinic producing symptoms of an ulcer. I have found 
11 additional cases prior to 1947 not reported by Barbosa and others or by 
Busard and Walters (Table). Thirty-two cases have been collected from the 
literature for the years 1948 to 1950 inclusive (Table). These along with the 
cases reported here bring the total number to 589. 

INCIDENCE 

Aberrant pancreatic tissue is usually found in approximately 1 to 2% of 
autopsies. The percentage will depend on the diligence with which one searches 
for the lesion. As Derbyshire says, it is probable that many pancreatic nodules 
have been erroneously called leiomyomas or some other name. Pancreatic tissue 
occurs in about 2% of Meckel’s diverticula. Barbosa, Dockerty and Waugh state 
that aberrant pancreatic tissue will be present once in every five hundred operations 
on the upper abdominal region. 

LOCATIONS 


Although the majority of aberrant pancreatic nodules are found in the stomach, 
duodenum and jejunum, they do occur in a variety of locations. Approximately 
30% occur in the duodenum, 25% in the stomach, 15% in the jejunum, 3% in the 
ileum, and 6% in Meckel’s diverticulum. Aberrant pancreas has also been found 
in the gallbladder, common duct, liver, spleen and various other sites in the 
abdominal cavity. Crosby and Graham have reported a mediastinal cyst containing 
aberrant pancreatic tissue. Thus it is seen that the great majority of the nodules 
are located near the site of the embryonic origin of the normal pancreas. In 
the wall of the gastrointestinal tract, the nodules are found to be submucosal, intra- 
muscular or subserosal in location. About one-half are submucosal. Their fre- 
quency in diverticula has led some authors to suggest that their presence in the 
muscular coats is an indication of local weakness which contributes to the formation 
of the diverticulum. 

EMBRYOLOGY 


It seems well established that the pancreas arises from two anlages. The dorsal 


anlage, arising from the duodenum, gives rise to the body and tail and part of the 


head of the organ. The ventral anlage arises from the common duct and forms 
the greater part of the head and the uncinate process. By the 15 mm. stage, the 
distal border of the ventral pancreas fuses with the middle portion of the dorsal 
pancreas. There is a fusion of the ducts, with the duct of the ventral pancreas 
becoming the main pancreatic duct. The pancreas is completely formed by the 
27 mm. stage. Occasionally, the ventral anlage is paired, and in this case the left 
one is usually atrophied. This fact has led to one of the theories as to the origin of 
the aberrant pancreatic masses. 


THEORIES OF ORIGIN OF ABERRANT PANCREAS 


As referred to above, Lordy, cited by Barbosa, Dockerty and Waugh; postulated 
that aberrant pancreas was due to the persistence or incomplete regression of the 
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left ventral anlage, which is normally destined to atrophy. Beutler, according to 
Taylor, was of the opinion that it represents an atavistic phenomenon and repro- 
duces a condition normally seen in certain lower animals in which the pancreas is 
diffusely scattered throughout the intestinal wall and the peritoneum. At no time 
in mammalian development has pancreatic tissue been seen distributed in such a 
manner, which it would have been if this theory were true. Albrecht and Artz, 
cited by Branch and Gross, said the embryonic digestive tube was pleuropotential 
and was capable of forming any of the accessory digestive organs. This theory 
would not account for those nodules separated from the intestinal tract. 

Moore, cited by Branch and Gross, thought that adhesions in embryonic life 
might cut across the main pancreatic anlage and isolate portions, which could subse- 
quently be implanted elsewhere. King and McCallum, cited by Branch and Gross, 
said that they could arise from normal intestinal epithelium under the action of 
abnormal stimuli. This is the least plausible of any of the theories and was based on 
four cases in which the lesion occurred in the stomach. 

Horgan’s idea was that the nodules were formed as a result of some of the lateral 
buds of the pancreatic anlage attaching themselves to any organ with which they 
might come in contact and later being detached by the growth and the change in 
relative position of the two organs. These buds from the primitive anlage contain 
the germinative cells from which all the histologic units of the gland can develop. 
It is difficult to explain the submucosal growths on the basis of theory. 

Warthin’s theory is the one most generally accepted. It was his concept that 
“accessory pancreatic tissue is formed from lateral budding of the rudimentary 
pancreatic ducts as they penetrate the intestinal wall, the mass of pancreatic tissue 
thus formed being snared off and carried by the longitudinal growth of the intestine 
upward and downward.” Even this theory does not account for those instances in 
which the pancreatic nodule is outside the gastrointestinal tract. 


MORPHOLOGY AND HISTOLOGY 


The nodules are usually single, firm and, when visible, yellowish or white. They 
are somewhat lobulated and have a granular surface. They vary in size from a 
few millimeters to 4 or 5 cm. in diameter. Branch and Gross were able to find 
an excretory duct emptying into the associated viscera in five of their 24 cases. 
Others have reported the same findings. 

Histologically, the aberrant pancreatic tissue may show all the elements of nor- 
mal pancreas, presenting acini, ducts and islet cells. Islet cells are found in approxi- 
mately 33% of the cases. On a histologic basis, Derbyshire divided the cases 
into three classes. In the first class were placed those nodules which essentially 


resembled normal pancreas in the arrangement of their lobules, acini and ducts. In 
class two the lobules were imperfectly formed or no lobule arrangement was seen, 
the acini were not numerous and there were a large number of ducts. In the third 


class only ducts were present. 

There seems to be a close relationship between Derbyshire’s third class and the 
adenomyoma as described by other authors. Taylor says: “It is impossible to 
draw a precise line of distinction on histological grounds between adenomyoma and 
accessory pancreas, for the former often includes a portion of pancreatic tissue show- 
ing imperfect differentiation, while the latter in most cases contain duct spaces far in 
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excess of its requirements, and not infrequently shows unstriped muscle fibers in its 
stroma.” Lauche, cited by Taylor, in 1924 gave to adenomyomas the name of 
incompletely differentiated accessory pancreas. In 1940 Clarke suggested the term 
myoepithelial hamartoma to cover all such masses of developmental origin. Group 
I of Clarke’s classification consists of aberrant pancreatic and gastric tissue. 
Group II consists of intermingled smooth muscle and epithelial duct structures. As 
will be cited later, these terminologies are the cause of some confusion in collecting 
cases of similar etiology. Taylor says that Brunner’s glands are not found in 
aberrant pancreas and this forms a point of distinction between aberrant pancreas 
and adenomyoma. 
PHYSIOLOGY AND PATHOLOGY 

Practically all authors agree that the aberrant pancreatic tissue may be physio- 
logically active. Zymogen granules have been demonstrated in the acinar cells. 
Derbyshire found these granules present in every one of his cases. Several cases 
of aberrant pancreas with dilated ducts or even cyst formations have been described, 
which would seem to lend further support to the physiological activity of these 
structures. Barbosa, Dockerty and Waugh found histologic evidence of acinar func- 
tion in 76% of their cases. 

Evidence of islet activity is shown by the recording of seven cases of hyper- 
insulinism and hypoglycemia produced by extrapancreatic insulin-producing islet 
cell adenomas. Holman in 1943 collected four cases from the literature and added 
the fifth. Sevringhaus reported the sixth such case in 1948. His patient was a 
woman of 36 in whom resection of the distal third of the pancreas failed to relieve 
hypoglycemic episodes. At a second laparotomy an islet cell adenoma was removed 
from the hilus of.the spleen, with complete relief of symptoms. Pheiffer and Miller 
in 1950 reported a similar case. Their patient was a woman aged 41 admitted to 
the hospital in 1944 in coma with a blood sugar level of 35 mg. per 100 ce. Explor- 
ation in 1945 revealed a normal pancreas with an islet cell adenoma deep in retro- 
peritoneal fat posterior to the head of the pancreas. Removal of this adenoma 


resulted in complete cure. Thus it is important when operating on a patient with 


Whipple’s triad of symptoms always to search for possible extrapancreatic nodules. 
These islet cell adenomas may be multiple or found only in aberrant pancreatic 
tissue. 

Pathologically the aberrant pancreatic tissue is subject to all the lesions found in 
the normally placed pancreas. Acute pancreatic edema and acute hemorrhagic pan- 
creatitis have been described in several instances. Chronic interstitial pancreatitis 
is most frequently described. Thomas and Schultz, and Andersen have described 
instances of cystic fibrosis of the pancreas in which at autopsy the same pathological 
picture was seen in aberrant pancreatic tissue located in the jejunum. Cyst forma- 
tion has been noted. Neoplastic change, both malignant and benign, has been found. 
Barbosa, Dockerty and Waugh expressed the opinion that malignant change was 
more likely to occur in aberrant pancreatic tissue. 

Myer May, cited by Waugh and Harding, in 1937 reported a cystadenocarci- 
noma of aberrant pancreas in the gastric wall. In 1941 Ballinger reported a case of 
hypoglycemia from a metastasizing insular carcinoma of aberrant pancreatic tissue in 
the liver. At autopsy the tumor was found in the liver, and metastases were present 
in the spleen, kidneys, adrenal glands, lungs, heart, and vena cava. The pancreas 
itself was normal. Duff, Foster, and Bryan in 1943 reported carcinoma arising from 
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pancreatic ducts in the duodenum. They cited a case reported by Jefferson in the 
British Journal of Surgery in which a malignant adenoma of the pylorus originated 
in aberrant pancreatic tissue. The pathologic examination was made by Dr. 
William Welch. Silver and Lublinger in 1948 reported two cases of carcinoma 
arising in aberrant pancreatic tissue, in the porta hepatis in one and in the duodenum 
in the other. Bowers in 1950 mentioned a case of carcinoma arising in aberrant 
pancreas in the transverse mesocolon. 


SYMPTOMS 


In the majority of cases aberrant pancreas does not produce symptoms. Many 
of the cases have been discovered at autopsy. However, enough cases have been 
reported in which the aberrant pancreas was producing real and grave pathologic 
changes to warrant a search for such a lesion whenever the abdomen is opened 
because of a disease process which is not apparent or is obscure. Barbosa, Dockerty 
and Waugh considered these lesions of surgical significance in 39 of their 82 cases. 
I cannot agree with Derbyshire that the lesions are of little importance and that 
nothing should be done when they are encountered. 

The clinical symptoms produced by aberrant pancreas have been diagnosed as 
indicative of the following diseases: (1) pyloric and intestinal obstruction; (2) 
peptic ulcer, classified as (a) chronic, (b) perforated, (¢) hemorrhagic, or (d) 
malignant; (3) gallbladder disease; (4) common duct obstruction; (5) intussus- 
ception; (6) pancreatitis; (7) appendicitis, and (8) hypoglycemia. 

In numerous instances pyloric obstruction has been produced by pancreatic 
heterotopia. Chapman, Vogel and Schomaker have reported massive gastric 
hemorrhage. Pathological examination of the resected specimen showed acute 
hemorrhagic pancreatitis. 

In ‘1944 Young reported a patient operated on for perforated peptic ulcer, 
and at operation acute pancreatitis was found in a nodule in the gastrohepatic liga- 


ment. Microscopic examination revealed acute pancreatic necrosis. Roentgeno- 
logists and surgeons alike have called frequent attention to the ulcer-like symptoms 
in patients who at operation show only aberrant pancreas in the pylorus and 
duodenum. 


Ugelli in 1934 reviewed 111 cases of aberrant pancreas, and in 34 of these an 
aberrant pancreatic nodule in the stomach or duodenum was the only or principal 
lesion present capable of causing the syndrome which occasioned the operation. 
Kreig in 1941 reported a case of pyloric obstruction due to this anomaly. Brown, 
Flacks and Wasserman in 1944 reported duodenal obstruction from the same cause. 
Collett in 1946 reported a case of a 6-yr.-old boy with nausea and vomiting. 
Excision of a prepyloric polyp containing pancreatic tissue resulted in a cure. 
Waugh and Harding reported on five patients in 1946 who were suspected of having 
peptic ulcers and in whom only aberrant pancreas was found at operation. Baumel 
and Guibert in 1948 also reported five similar cases, and Busard and Walters more 
recently have reported one such case. Waugh and Harding said that equivocal 
roentgen findings are noteworthy. In many instances the duct opening is large 
enough to retain barium sulfate and simulate an ulcer crater. Spasm produced by 
the lesions may produce deformity on roentgenologic examination. Present, a 
radiologist, says that it is of sufficient frequency to warrant consideration in filling 
defects. 
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Cane, cited by Derbyshire, was the first to call attention to the fact that meat 
increased the symptoms in these patients. He assumed that proteins were a strong 
pancreatic stimulant. Best has also commented on this observation. 

In the jejunum and ileum, intussusception is the most frequent complication. 
A nodule, the site of acute pancreatitis, has resulted in jejunal obstruction in one 
instance. Keeley in 1950 reported the seventh instance of intussusception due to 


Cases of Aberrant Pancreas in Addition to Those Reported by Barbosa, Dockerty and 
Waugh * and by Busard and Walters 





No. of 
Author Cases Location 
Tschudi 1 Pylorus 
Sahler and Hampton 1 Stomach 
UE RG TR AWOR. 6 0 6 oo vicicdntnesectichecsvndssyivan 1 Stomach 


Duodenum 
Ampulla of Vater 


Neum 

Duodenum 

Meckel’s diverticulum 
Stomach, 2; duodenum, 1 


Bosworth and Stein 
Chapman and Mossman 


ome 


Joyeux, Guibert and Guerrier 
Baratelli 

Baumel and Guibert 

Campo and Carsinelli 

De Nicola 


Stomach 

Stomach 

Meckel’s diverticulum 

Meckel’s diverticulum 

Tleum 

lleum 

Meckel’s diverticulum 

Meckel’s diverticulum 

Tleum 

Islet adenoma in hilus 
of spleen 

Duodenum, porta hepatis 

Stomach 


McLaughlin 

Miglacecio and Begg... 
MeGuire 

Raviteh and McCune. . 
Sevringhaus 


— OS tt et 


Silver and Lublinger 
von Keiser 

Meckel’s diverticulum 
Meckel’s diverticulum 
Duodenum 

Owen and Finney ’ Meckel’s divertieulum 
Ripstein lleum 

Wheelock, Atkinson and Teloh Stomach 


— mw = of to 


Bigelow and Clark Meckel’s diverticulum 
Transverse mesocolon 
(malignant) 
Fernandez Tasende Cystie duet 
Keeley . lleum 
Littner Duodenum 
Islet adenoma posterior 
to panereas 


* Barbosa, Dockerty and Waugh reported cases prior to Mareh 1944, and Busard and Walters reported 
eases through March 1947. 


aberrant pancreas in the ileal wall. In Meckel’s diverticulum aberrant pancreas is 


capable of causing intussusception, obstruction, hemorrhage, and syrnptoms of acute 
appendicitis. Hunt reported an example of the last. Approximately 41 instances 
of Meckel’s diverticulum containing aberrant pancreas have been found in the 
reviewed literature. 


REPORTS OF CASES 


Case 1.—Aberrant pancreas in jejunum.—Mrs. M. W., aged 42, was admitted to the Seaside 
Memorial Hospital on Aug. 3, 1946, and discharged on Aug. 18. During the course of an 
operation for gallstones and partial obstruction of the small bowel, a mass 5 cm. in diameter was 
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encountered in the mesentery of the upper jejunum. It was closely related to the jejunal wall, 
and its removal would have necessitated an intestinal resection. Material for a biopsy was 
removed, and the pathologist reported aberrant pancreatic tissue. Microscopically the specimen 
showed aberrant pancreatic tissue with acinar cells, ducts and islands of Langerhans (Fig. 1). 

Case 2.—Aberrant pancreas in ampulla of Vater, producing obstruction of the common and 
pancreatic ducts—Mrs. R. N., aged 43, was admitted to the Seaside Memorial Hospital on Feb. 
28, 1948, and discharged on March 11. She was suffering from diarrhea, nausea, vomiting, 
jaundice and itching of the skin and for the past five years had had attacks of nausea, vomiting, 
and crampy pain about the umbilicus. These attacks would occur every month or two and 
last two to three days. Four years previously she lost considerable weight. Her appetite had 





Fig. 1 (Case 1).—Aberrant pancreas in mesentery of jejunum. x 120. 


been poor, and the pain had become worse. Three years previously she began having pruritus, 
for which she consulted many physicians. For the past six months her family had noticed that 
her eyes had an icteric color and that her skin was becoming darker. 

On Sept. 2, 1947, she consulted an osteopathic physician because of the pruritus. After a 
treatment she fainted and was sent to the osteopathic hospital. She was apparently jaundiced at 
the time. After cholecystography she was operated on, on September 9, for gallstones. Chole- 
cystectomy and drainage of the common duct were done. (It was reported that the common 


duct was dilated.) The patient was discharged on the 13th postoperative day, and the T tube 


was removed one week later. The patient said that she was free of the pruritus during the 
time the T tube was draining but soon after its removal the pruritus, nausea, and vomiting 
returned. Jaundice and acholic stools were ‘noticed. These symptoms had beer worse for 
the past three weeks. Two serum bilirubin tests in January 1948 showed a value of 0.9 mg. per 
100 ce. 
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Past History.—The patient had the usual childhood diseases and regular menses. She had 
two children and had had four miscarriages. She had undergone appendectomy at the age of 
13 and left salpingo-oophorectomy in 1936. Cholecystectomy and choledochostomy were per- 
formed in 1947. 

Twenty-two years previously the patient first noticed the appearance of small nodules on her 
skin, and she stated that before that she had noted dark splotches. The nodules had become 
more numerous and larger during the intervening years. 


Physical Examination.—The patient was a moderately icteric, thin white, woman with coffee 


spots and numerous nodules on the skin, as well as pigmented nevi, The skull had an acro- 
megalic appearance, and the heart and lungs were normal. The blood pressure was 105/60. 
The abdomen showed healed right subcostal, McBurney and low midline scars. The liver was 


Fig. 2 (Case 2).—Roentgenogram of abdomen showing short tube in pancreatic duct and 
long tube in common duct. 


3 to 4 cm. below the costal margin and was tender. The pelvis was normal. The clinical impres- 
sion was von Recklinghausen’s disease, stricture of the common duct or common duct stone. 
The possibility of a common duct obstruction by a neurofibroma was also discussed. 
Laboratory Data.—On Feb. 28, 1948, the red blood cell count was 4,700,000, the white blood 
cell count 11,500 and the hemoglobin content 15.99 mg. per 100 cc., with 82% polymorphonuclear 
cells. On March | the white blood cell count was 7,350, with 76% polymorphonuclear cells. 
The van den Bergh direct reaction was 2 plus, the serum bilirubin 4.0 mg. per 100 cc. and the 
total protein 6.4 gm. per 100 cc., with albumin 3.4 gm. and globulin 3 gm. The nonprotein nitro- 
gen level was 24 mg. per 100 cc. and the prothrombin time was 88% of normal. Bile was present 
in the urine; urobilinogen was present only in the undiluted urine. The stool was negative for 
urobilin. The serum sodium lével was 341 mg. per 100 cc. (normal 310 to 340). The glucose 


tolerance test yielded normal values. 
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Operative Data—On March 4, 1948, the patient was operated on under spinal anesthesia. 
A bile abscess involving the duodenal serosa, hepatic flexure and a long cystic duct stump was 
encountered under the liver. The common duct was dilated, being 2 to 3 cm. in diameter. On 
aspiration it contained thick bile with a great deal of sediment. The common duct was opened 
and explored. A small probe would not pass through the sphincter. At this point a mass was 
palpated in the ampullary region of the duodenum. The duodenum was opened, and a smooth 
semipedunculated tumor the size of one’s thumb was seen at the ampulla. It was freely movable, 
and the overlying mucosa was intact. 


Fig. 3 (Case 2).—Top picture shows aberrant pancreas in ampulla of Vater. The proximal 
transected portion of the tumor is shown. The probe is in the pancreatic duct. Bottom picture 
shows aberrant pancreas in ampulla of Vater. The common duct has been opened. The probe 
is in the pancreatic duct. 


The mucosa below the base of the tumor was incised, and two dilated ducts were encountered. 
These were divided and the free ends grasped. A short portion of a No. 12 catheter was passed 
into the dilated pancreatic duct and secured with one surgical gut suture. A portion of a larger 
catheter was passed up into the common duct and similarly secured. The margins of the incised 
duodenal mucosa were sutured to the edges of the mucosa of the two ducts with interrupted 
chromic surgical gut sutures. The duodenal incision was closed transversely. A T tube was 
placed in the opening in the common duct. 

The operation lasted three hours and 15 min., during which time the patient received 2,000 cc. 
of 5% dextrose, 600 cc. of plasma and 500 cc. of citrated blood. 
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The patient made a satisfactory recovery and was discharged from the hospital on the seventh 
postoperative day. 

Figure 2 is a roentgenogram taken on March 17, 1948, showing the short tube in the pan- 
creatic duct and the longer tube in the common duct. 

Pathologic Report—The specimen is a resected mass at the papilla of Vater measuring 
25 by 20 by 20 mm. There are separate openings of the common bile duct and the duct of 
Wirsung, the distance between the openings being 4 mm. Both ducts are dilated at their 
transected ends. The cut section is pale gray. Tissue at the papilla of Vater shows aberrant pan- 
creatic tissue between muscle bundles composed of acini and ducts. No islets of Langerhans are 
seen (Figs. 3 and 4). 


hy 3 
ate 


Fig. 4 (Case 2).—Aberrant pancreas in ampulla of Vater. Photomicrograph; x 120. 


Subsequent Course—On March 22, 1948, the patient reported that the small tube had been 
passed along with a stool three days previously. Repeated fluoroscopy failed to show any move- 
ment of the tube in the common duct. A cholangiogram (Fig. 5) on May 23, 1948, showed the 
tube still in the commen duct. The T tube was removed the same day. Fluoroscopy on June 
16 again showed no change in the position of the tube. The patient was therefore admitted to 
the hospital on June 24, and the tube was removed on June 26 through a small duodenal incision. 
The patient was discharged on June 30 after a satisfactory recovery. The serum bilirubin level 
on July 17 was 0.6 mg. per 100 cc., and the patient has remained in good health to the present 
time (April 1951). 


This is believed to be the first case of successful removal of aberrant pancreas 
situated in the ampulla of Vater. Barbosa, Dockerty and Waugh listed two cases 
in their series in which the aberrant pancreas appeared in the common duct. Dr. 
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Waugh has kindly furnished me additional data on these two cases. In their Case 18 
the mass was located in the common duct superior to the pancreas and was excised 
locally. The lesion had not produced any obstructive symptoms and was discovered 
during cholecystectomy. In their series Patient 19 had obstructive jaundice and at 
operation was found to have a tumor in the papilla of Vater and an overlying ulcer- 
ating lesion. A transduodenal resection was performed. The patient died on the 
third postoperative day from pulmonary edema and early bronchopneumonia. The 
pathological diagnosis was ulcerative adenocarcinoma, probably arising in the 
ampulla of Vater, and aberrant pancreas. 

Hoelzer reported a case in 1940 of unusual interest. The patient was a woman 
of 54, admitted to the hospital in 1937. She had noticed a tumor in the right uppes 


Fig. 5 (Case 2)—Cholangiogram shows the tube still present in the common duct almost 
three months after operation. 


region of the abdomen for 10 yr. During 1936 there was a gradual development 


of jaundice. The positive findings were marked jaundice, a liver greatly enlarged, 
and a serum bilirubin content of 3.5 mg. per 100 cc. It was assumed that the patient 


had an inoperable malignant growth, and she was discharged. She was again 
admitted in 1939, and during the interval the jaundice had varied in intensity. At 
the time of this admission jaundice and ascites were present. After 10 wk. the 
patient died, and Holzer describes the autopsy in these words: “An almost spherical 
benign tumor, 12 mm. in diameter, was found in Vater’s papilla. The common bile 
duct emptied into the middle of this tumor, and in this region was not permeable to 
even the smallest probe.” The common duct was 5 cm. in diameter. Cirrhosis and 
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splenomegaly were present. Hoelzer quotes Gruber as saying that Vater’s papilla, 
in contradistinction to the minor duodenal papilla, rarely shows pancreas lobules 
within the intestinal wall. 

Varay described a similar case in 1946. The patient was a woman of 44 with 
jaundice of five weeks’ duration. The serum bilirubin level was 0.85 gm. per 1,000 
cc. She was operated on six weeks after the onset of the jaundice, cholecystectomy 
being performed. The patient died on the second postoperative day, and autopsy 
showed intra-abdominal hemorrhage. The duodenopancreatic-biliary region was 
removed en bloc. Varay’s description is as follows: “Vater’s papilla was exposed 


Fig. 6 (Case 3).—Aberrant pancreas in pylorus. Arrow points to filling defect in pylorus 
produced by aberrant pancreas. 


and palpation showed no induration. The common bile duct and pancreatic ducts 
were both dilated to the ampullary region.” The common duct was described as 


having the “volume” of the little finger. Microscopic sections showed an “ampul- 


loma” in the form of a nodule with a diameter of 3 mm. occupying the region 
between the common and pancreatic ducts. Microscopically, the tumor was described 
as “a glandular form epithelioma making a diffuse infiltration, often being differenti- 
ated into more or less atypical cords, but retaining elsewhere at numerous points a 
clearly glandular architecture.” 

The condition in Varay’s case described above seems to fall into the indetermi- 
nate group called by Lauche “incompletely differentiated accessory pancreas.” 
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It is interesting to speculate that in Case 2 of the present series the paraumbilical 
pain may have been due to the obstruction of the pancreatic duct. It is suggested 
that inspection of the papilla of Vater may be warranted in cases of common duct 


obstruction ascribed to spasm or stricture of the sphincter of Oddi. 


Case 3.—Aberrant pancreas in pylorus—Mrs. O. W., aged 53, was admitted to the Seaside 
Memorial Hospital on Oct. 31, 1950, and discharged on November 11. She complained of 
periodic attacks of vomiting after meals for three years. The vomiting episodes had increased 
in frequency and for the past year had been associated with epigastric distress. There had been 
a weight loss of 30 lb. (13.6 kg.). Gastrointestinal roentgenograms had been reported negative 


Fig. 7 (Case 3).—Photomicrograph of aberrant pancreas in pylorus. Only acini and ducts 
are present. x 120. 


in 1945, and a repeat study in 1947 had also given negative results. Roentgen studies in 
December 1949 showed polyp formation at the gastric outlet. Repeat studies in February and 
May 1950 showed the same finding (Fig. 6). The patient had failed to respond to adequate 
medical therapy. Cholecystectomy had been performed in 1944, with relief of previous symptoms. 

Physical examination showed nothing remarkable or abnormal. 

At laparotomy on November 2 exploration of the abdominal cavity was noncontributory 
except for the tumor in the pyloric region on the anterior wall. This mass was excised through 
a vertical incision in the pylorus, which was then closed in the transverse direction. The patient 
made a satisfactory recovery and was discharged on the 10th postoperative day. She has 
remained free from the epigastric distress and vomiting. 
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Pathological Report.—The specimen is a nodular polypoid structure measuring 15 by 10 by 
10 mm. and partially covered with gastric mucosa. Microscopic examination (Fig. 7) shows 


aberrant pancreatic acini and ductal elements. 


SUMMARY 


A review of the literature on aberrant pancreas and a historical summary of 


the subject are presented. The cases reported through 1950 have been collected, 

and the embryology and theories of origin have been reviewed. The pathology, 

physiology and symptomatology are discussed. Three perscnal case reports are pre- 

sented, including what is believed to be the first successful removal of aberrant 

pancreas in the ampulla of Vater, producing obstruction of the common and pan- 

creatic ducts. 
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PAPILLARY CYSTADENOMA LYMPHOMATOSUM 


JOHN R. BROWN, M.D. 
CINCINNATI 


APILLARY cystadenoma lymphomatosum is a relatively rare type of salivary 

gland tumor. It may be grouped roughly among the benign mixed tumors of 
the salivary glands but is so distinctive in its microscopic appearance that a special 
niche has been made for it. Because of the rarity of these tumors, one is inclined 
to dismiss them as pathological curiosities. However, when the surgeon is con- 
fronted with a patient with such a diagnosis, knowledge of the pathology, treatment, 
and prognosis are of paramount importance. We have had the opportunity to see 
two of these tumors within a period of four months, and these serve as the basis 
for this report. 

REPORT OF CASES 

Case 1.—A 56 year old white man entered the hospital for evaluation of low back pain. An 
incidental finding was a firm, nontender tumor below the posterior part of the right mandible. 
The mass had been present in the neck for two years prior to his admission and had not changed 
in size. There was no history of infection of the scalp, face or oropharynx. The mass was 
movable and nontender. Examination of the nose and throat showed them to be normal. The 
roentgenogram of the chest and the laboratory data were normal. 

Course in Hospital—The tumor was excised with the patient under general anesthesia. It 
was encapsulated and lay anteromedial to the sternocleidomastoid muscle and inferior to the 
seventh nerve. It was incorporated in parotid tissue and was removed by sharp dissection. 
Progress in the hospital was uneventful. The wound healed well. 

Pathologic Findings——Gross examination revealed a smooth encapsulated mass 5 by 2 by 2 
cm. in size. There were areas of hemorrhage. The greater portion of the mass was soft and 
pale. No definite cystic areas were seen. Microscopically the section showed papillary processes 
comprised of tall pseudostratified epithelium with an underlying lymphoid stroma. A definite 
capsule was not present. A few normal parotid acini were present outside the border of the 
tumor area. 

Diagnosis.—The diagnosis was papillary cystadenoma lymphomatosum. 

Follow-Up Examination.—There was no evidence of recurrence of the tumor one year after 
operation. The left parotid gland was normal. No lymph nodes were palpable in either 
side of the neck. 

Case 2.—A 61 year old white man had noticed a painless mass in the left side of the neck 
just below the ear, two years prior to his admission. The mass had gradually increased in 
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size during the three months immediately before his admission, There had been a 20 lb. (9 kg.) 
weight loss during these three months. 

Examination revealed an obese white man. Just below the left ear there was a freely 
movable, firm mass 3 by 1 by 5 cm. in size. The mass was nontender and extended behind 
and beneath the mandible. The skin over the tumor was normal. Laboratory studies and a 
roentgenogram of the chest gave negative results. 

Course in Hospital_—The mass was excised with the patient under general anesthesia. It was 
lobulated, necrotic, red and encapsulated and lay in the inferior pole of the superficial portion of 


Fig. 1 (Case 2).—Low power view showing the projections of lymphoid tissue covered with 
tall epithelium. The diagnosis was papillary cystadenoma lymphomatosum. 


the parotid gland. One small deep pocket in the tumor contained nonodorous purulent material 
that was cultured. The culture was negative. The patient's postoperative course was uneventful. 
The wound healed well. He was discharged from the hospital on the seventh postoperative day. 

Pathologic Findings ——Examination revealed multiple pieces of tissue that measured 7 by 
3 by 2 cm. The tissues were finely lobulated, with no evidence of hemorrhage. Micro- 
scopically, there were multiple cystic spaces and papillary projections of tall pseudostratified 
epithelium with an underlying lymphoid stroma. The stroma of the papillae was made up of 


loosely formed lymphoid tissue without visible germinal centers. The epithelium consisted of 


one to two layers of tall eosinophilic cells. 
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Diagnosis.—The diagnosis was papillary cystadenoma lymphomatosum. 


Follow-Up Examination.—There was no evidence of recurrence of the tumor one year after 
surgical intervention. 


COMMENT 
Papillary cystadenoma lymphomatosum represents 6% of all parotid tumors. 
It has been described in persons from 2% to 90 years of age but is usually found in 
adults between the ages of 40 and 60 years. It occurs in males ten times as fre- 


Fig. 2.—High power view of the tall epithelium that covers the papillary processes of 
capillary cystadenoma lymphomatosum. No cilia are visible. 


quently as in females and is almost always found in the parotid gland. Occasionally, 
the tumors may be multiple on one side or they may appear bilaterally. In several 
instances, they have apparently arisen from the submaxillary gland, but Martin 
and Ehrlich’ feel that this origin has been erroneously described and that these 


tumors have actually arisen from the tail of the parotid gland, near the thin fascia 


that separates the parotid from the submaxillary gland. 


1. Martin, H., and Ehrlich, H. B.: Papillary Cystadenoma Lymphomatosum (Warthin’s 
Tumor) of the Parotid Salivary Gland, Surg., Gynec. & Obst. 79:611-623 (Dec.) 1944. 
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There are many theories regarding the origin of the tumors. Among them the 
following have had some acceptance. Neisse has found islands of parotid tissue 
in lymph nodes near the parotid gland. Some authors have considered that these 
tumors were manifestations of heterotopic salivary tissue in normal lymphoid 
tissue or true lymph nodes. 

Large eosinophilic cells termed oncocytes by Hamper! usually appear in the 
parotid gland in middle age. These have been thought to represent the basis for 
the development of papillary cystadenoma lymphomatosum. Recently, however, 
they have been detected in many organs of the body and are now believed to repre- 
sent senile elements with little growth potentiality. 

Heterotopic rests of respiratory or Eustachian tube anlage have been considered 
the basis of origin of these tumors. Warthin * described a tumor of the Eustachian 
tube that was similar in appearance to a papillary cystadenoma lymphomatosum. 
He mentioned especially the presence of cilia on the cells of both tumors. Unfor- 
tunately there has been no confirmation of the appearance of cilia on the epithelial 
cells of a papillary cystadenoma lymphomatosum. 

Orbital inclusion bodies seen in Carnivora near the parotid gland represent a 
possible source for tumor development. They have not been described in human 
beings, however ; so this theory apparently has scant application to the problem. 

Ewing * believes that the structure of a papillary cystadenoma lymphomatosum 
resembles that of a branchiogenic cyst, and it is believed by many that the former 
arises from the endodermal portion of a branchiogenic arch. Some branchiogenic 
cysts are lined with ciliated columnar epithelium and contain variable amounts of 
lymphoid tissue in the wall. Homans mentions that salivary gland tissue has been 
found in branchial cleft cysts. That these might have been papillary cystadenoma 
lymphomatosum instead of branchiogenic cysts remains open to speculation. The 
area involved is in the region of the first and second branchial cleft and adds to the 
strength of this theory. 

Other embryological faults such as metaplasia of lymph vessels and misplaced 
thymic anlage have been considered as the source of development of papillary 
cystadenoma lymphomatosum. 


These tumors are usually 2 to 6 cm. in diameter. They are often encapsulated, 
but in some instances there is no capsule to be seen and the process appears to 
invade the parotid gland. Often the cut surface exhibits cystic areas large enough 
to be seen with the naked eye. The fluid in these cysts may be gelatinous and 
clear or it may be yellow and cloudy and resemble pus. The lesion may be finely 
lobulated or its cut surface may have a soft pulpy appearance like that of a hyper- 
plastic lymph node. 


The microscopic appearance of the tissue is startling to those who have not 
seen it before. There are irregular papillary processes of tall, columnar eosino- 
philic pseudostratified epithelium that appears to be one to two layers deep. The 
papillae project into cystic spaces filled with a homogeneous eosinophilic material. 
The cells are tall and have a finely granular, eosinophilic cytoplasm. The nuclei 


2. Warthin, A. S.: Papillary Cystadenoma Lymphomatosum: Rare Teratoid of Parotid 
Region, J. Cancer Res. 13:116-125 (July) 1929. 


3. Ewing, J.: Neoplastic Diseases: A Treatise on Tumors, ed. 4, Philadelphia, W. B. 
Saunders Company, 1940, p. 798. 
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are vesicular and basophilic. A few of the nuclei are basal, but the majority are 
in the distal half of the cells. A definite basement membrane is not present. The 
cells do not have a cuticular border and are not ciliated. The cores of the papillary 
projections contain an abundance of lymphoid tissue and a variable amount of 
fibrous stroma. The lymphoid tissue may be loosely formed or may be dense and 
exhibit true follicle formation. Fibrous tissue is usually minimal and consists of 
only a few thin strands. Occasionally, however, the fibrous tissue is abundant and 
contains only scattered groups of lymphoid cells. 

The diagnosis of papillary cystadenoma lymphomatosum can seldom be made 
clinically. The usual history is that of a slowly enlarging painless mass at or near 
the angle of the jaw in a person over 40 years of age. On examination the mass 
is firm, smooth and nontender. There is no evidence of infection, and there is no 
bruit or thrill. 

The differential diagnosis includes other mixed tumors of the parotid gland, 
carcinoma of the parotid, metastatic carcinoma, lymphoma, branchiogenic cysts, 
lipoma, and sebaceous cyst. Because it is often difficult to rule out the malignant 
lesions in this group, all tumors of the parotid area should be excised and sub- 
mitted for microscopic study. The diagnosis of papillary cystadenoma lymphoma- 
tosum can usually be made from a frozen section. 

The treatment of this lesion is surgical excision. Brown, McDowell and Fryer * 
recommend wide exposure so that the tumor can be removed without injury to the 
seventh nerve. Usually these tumors are superficial to the nerve, but rigid care 
must be taken to avoid injury to the nerve fibers that may cross it or be attached 
to its under surface. Brown and his group recommend pinching doubtful strands 


of tissue while observing the facial muscles. This technique has eliminated injury 
to the facial nerve in their series of parotid tumors. 


In the great majority of cases the tumor has not recurred after excision. Exam- 
ination of our patients one year after operation has shown no evidence of recur- 
rence in either. Plaut® tabulated 16 cases that have shown no recurrence one 
year or more after operation. Martin and Ehrlich have followed 12 cases for 
more than three years and have not observed a recurrence. Two instances of 
recurrence following operation have been reported. In one patient the tumor 
recurred after two operations but did not recur after a course of deep roentgen 
therapy.° Another patient with a recurrence was operated on a second time and 
apparently cured, but there was no follow-up of this patient. 

Two courses of roentgen therapy were given as the initial treatment for one 
tumor.’ There was temporary regression of the mass after the first course of 
treatments, but there was no effect from the second series. The tumor was then 


4. Brown, J. B.; McDowell, F., and Fryer, M. P.: Direct Operative Removal of Benign 
Mixed Tumors of Anlage Origin in the Parotid Region with Summary of Parotid Tumors in 
General, Surg., Gynec. & Obst. 90:257-268 (March) 1950. 

5. Plaut, J. A.: Adenolymphoma of the Parotid Gland, Ann. Surg. 116:43-53 (July) 1942. 

6. Lloyd, O. C.: Salivary Adenoma and Adenolymphoma, J. Path. & Bact. 58:699-710 
(Oct.) 1946. 

7. Kerr, D. A.: Warthin’s Tumor (Papillary Cystadenoma Lymphomatosum), Am. J. 
Orthodontics 33:552-557 (July) 1947. 
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excised, “with a good result.” No data were given regarding follow-up examination. 
Examination of the specimen revealed areas of necrosis, but the greater part of the 
tumor was unchanged. 


This report reemphasizes the existence of papillary cystadenoma lymphomato- 
sum and adds two cases that have been followed for one year after surgical inter- 
vention. Although the lesion is relatively rare, it may be encountered at any time 
by those who remove tumors from the parotid gland area. It is hoped that we 
will be able to follow these cases for at least a five year period. 


SUM MARY 
Papillary cystadenoma lymphomatosum is a benign tumor of the parotid gland. 
Surgical excision results in apparent cure in over 98% of the reported cases, but 
the follow-up period in most of these cases has been too short for adequate evalua- 
tion of therapy. 
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INCE pulmonary edema was first described by Maloet in 1752,‘ there has been 
a great deal of clinical and experimental investigation into the problem to 


elucidate the factors which may be involved in the production of the syndrome. 


Studies have seldom been made during and after the development of severe pul- 
monary edema. 

For such experiments it is necessary to have a rapid, standard method for the 
production of pulmonary edema in a fairly large animal which will produce edema 
in a high percentage of the animals subjected to the procedure. The method 
employed should produce no physiological alteration which is not likely to be found 
in human beings with pulmonary edema, and it should not involve any procedure 
which in itself is likely to cause the death of the animal. 

A review of the literature reveals that the following methods have been used 
for the production of pulmonary edema in experimental animals: 


1. Heart-lung preparations ? 
2. Experiments causing an alteration in cardiac function 
A. Increased resistance to blood flow 
1. Occlusion of the aorta * 
? 


2. Obstruction of the pulmonary veins *4 
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B. Ventricular damage 4 
C. Administration of epinephrine 5 
3. Experiments causing alterations in pulmonary physiology 
A. Pulmonary irritants ® 
B. Respiratory resistance 
1. Inspiratory resistance ? 
2. Expiratory resistance 7» 
C. Trauma to thorax § 
4. Neurogenic 
A. Increased intracranial pressure ® 
B. Stimulation of cardiovascular receptors 1° 


C. Vagotomy 1! 
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5. Hypoxia and rapid saline infusions § 

6. Nephrectomy and rapid saline infusions °f 

7. Capillary poisons 12 

8. Shock 18 

9. Rapid blood transfusions after lung resection 14 
10. Gas embolism 15 


11. Hemorrhage 14 


None of the methods listed above satisfies all the desired criteria. Many have 
not been successful in the hands of all investigators. Some have been successful 
only in small animals. Many involve techniques causing physiological changes 
which would rarely if ever be found in the living human being, and the remainder 
have not been standardized so that the production of edema can be predicted in 
a sufficiently high percentage of animals subjected to the procedure. Consequently, 
the experiments reported below were undertaken to standardize a procedure for 
the production of pulmonary edema in the dog which would meet these criteria. 

In these experiments the presence of pulmonary edema was determined by the 
gross examination of the lungs and by the determination of their water content. 
The correlation of these two methods, while not absolute, was fairly good. Contrary 
to the findings of some other investigators, microscopic examination of the lungs 
and calculation of the lung weight-body weight ratios showed little or no correlation 
with the obvious gross pathologic changes, and therefore these methods were 
not used. 

As pulmonary edema may occur in only one or in all lobes of the lungs, each 
lobe was graded individually for the presence of gross edema. The lobes of each 
lung were designated by numbers. The lobes of the right lung were numbered to 
4, 1 being the upper lobe and 4 being the lower lobe. In the left lung they 


were numbered 1 to 3 in the same manner. 
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The following system of grading was used: 

Grade O—No congestion or free fluid in the air spaces. 

Grade C—Congestion, as indicated by a change from the normal color of the 
lung to a dark pink or red, but no free fluid in the air spaces. 

Grade 1—No free fluid in the bronchi but free fluid expressed by gentle pressure 
on the cut surface of lung. 

Grade 2—Free fluid expressed from the cut surface of the lung and also frothy 
fluid expressed from the secondary lobular bronchi by gentle pressure. 
Grade 3—Frothy fluid extending into the main bronchus of the lobe without 

application of pressure on the lung. 
Grade 4—Frothy fluid extending freely into the trachea without application of 
pressure on the lung. 
This classification fails to account for the swollen, pale lung which feels 
edematous on palpation. Such lungs undoubtedly have an increase in extravascular 


TasLe 1—Moisture Content of the Lungs of the Normal Dog 


Weight of Weight of 
Lung Before Lung After 
Dog No Lung Drying, Gm. Drying, Gm. Moisture, % 
1 Left 32.0 6.75 78.90 
2 Left 29.5 6.45 78.14 
3 Left 33.25 7.3 78.04 
4 Left 62.0 12.5 79.83 
Left OS 12.4 80.86 
Right w.9 18.75 TORO 
Left 39.0 7.8 80.00 
Leit Mi 12.1 78.70 
Right 6 12.0 78.02 
Left 41.6 91 
Right 24.9 5.3 
Lett 17.1 3.6 


Average...... 


fluid, even though the fluid may not have entered the alveoli in sufficient quantities 
to be detected on inspection. Such lungs are graded O in respect to edema, but 
each lung in which this finding occurred is recorded specifically. 

The water content of each lung was determined with the use of the method 
described by Eaton.'*” Table 1 presents the water content of normal lungs from 
10 dogs. Some of the lungs were removed by pneumonectomy. The others were 
removed from healthy dogs killed with large doses of pentobarbital sodium (nem- 
butal*). The average of these determinations falls between that reported by 
Skelton,’* which was 78.7%, and that reported by Eaton,'*” which was 79.34%. 











EXPERIMENTAL DATA 
In all experiments the animals were anesthetized intravenously with pento- 
barbital sodium. The minimum amount necessary to put the animal to sleep was 
administered. The doses used varied from a minimum of 18 mg. to a maximum 
of 25 mg. per kilogram of body weight. 


17. Skelton, H.: The Storage of Water by Various Tissues of the Body, Arch. Int. Med. 
40:140-152 (Aug.) 1927. 
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Procedure 1—Rapid Blood Transfusion in Normal Dogs and After Pneumo- 
nectomy: A. Normal dogs. Each animal was bled approximately 30 cc. per kilogram 
as rapidly as possible from the jugular vein through a 13 gage needle into a sterile 
vessel containing sodium citrate solution. An airtight stopper was applied, and the 
blood was placed in a refrigerator. All the animals withstood the rapid bleeding 
without difficulty. An interval of two to three days was allowed for the dog to 
regain fluid equilibrium. Each dog’s own blood was then injected as rapidly as 
possible into the jugular vein from 100 cc. syringes with a 13 gage needle. 

Results: The results are summarized in Table 2. In the animal which died 
acute cardiac failure apparently had developed. None of the other dogs was killed, 
as they showed no clinical signs of pulmonary edema. Unfortunately, the necessity 


Taste 2.—Effect of Rapid Blood Transfusions on Normal Dogs 


Grade of Edema of Lung 
Dura- Found on Gross Examination 
Blood tion of - ——— —— ——. Moisture Content 
In- Iniee Right Lobe Left Lobe of Lung, % 
Dog Weight, jected, tion, —_—_-- ~~ ~ —~ 
No Kg. Ce./Kg. See. Result ; q 2 { Right 
1 10.0 31 ¢ Clinieally normal 
2 9.0 33 i Clinically normal 
3 8.64 7 5 Clinically normal aa, EME 3 7 iter naan 
4 8.64 34 & Died during J 77.89 
transfusion 


Left 


TasL_e 3.—Effect of Rapid Blood Transfusions on Dogs After Pneumonectomy 


Grade of Edema 
of Lung Found 
on Gross Exam- 
Blood Duration of ination, Lobes Moisture 
Weight, Injected, Injection, c /——, Content 
Kg. Ce./ Ke. See. Result 234 of Lung, % 


7.73 30 80 Died during transfusion 79.67 
8.18 30 150 Died during transfusion ut 80.05 
10.45 30 120 Died in one hour i 82.16 
7.16 30 120 Died in four hours 80.91 
5.45 30 120 Died during transfusion 80.39 


for pathological examination of the lungs was not appreciated at the time this 
experiment was performed. 

B. Dogs after pneumonectomy. The procedure for this experiment was 
exactly the same as that for normal dogs except that the dogs used had only one 
lung and transfusions were given at a slower rate. The minimum interval between 
pneumonectomy and bleeding was one month and the maximum six years. All 
animals were subjected to autopsy, and the water contents of the lungs were 
determined. 

Results: The results are summarized in Table 3. The lungs of all animals 
appeared normal except those of Dogs 3 and 4. Animal 3 had gross pulmonary 
edema and a significant increase of the water content of the lung. The lung from 
Animal 4 was slightly swollen and paler than normal. However, as these changes 
were slight and the water content was only slightly increased, it is not felt that the 
findings in the lungs were an important factor in the death of the animal. In this 
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animal and in all the animals which died immediately, there was cardiac dilatation,,. 
and the diagnosis of the cause of death was acute cardiac failure. 

Procedure 11.—Hypoxia and Rapid Saline Infusions: Normal mongrel dogs 
were used. After anesthetization, an intratracheal tube was inserted, the largest 
size which could be placed into the trachea without damaging the larynx being 
used. The pharynx was packed off to insure against leakage around the tube. 
Sufficient time was then allowed for the pulse and respiration to become stabilized, 
and normal pulse and respiratory rates were recorded. Then a tube from a Douglas 
bag was attached to the end of the intratracheal tube so that the animal breathed a 
mixture with a known concentration of oxygen and helium or oxygen and nitrogen. 

Pure oxygen and helium or pure oxygen and nitrogen were mixed in a Douglas 
bag so that the final oxygen content of the mixture varied from 10 to 17%, as 
indicated in Table 4. The oxygen, helium and nitrogen were measured by volume 
with a gas meter. Two bags were always filled at the beginning of the experiment, 


TasLe 4.—Production of Pulmonary Edema with Hypoxia and Rapid Saline Infusions 








Grade of Edema of Lung 
Found on Gross Examination 
Oxygen Saline Duration om ———__--—, Moisture Content 
in Admin- ° Right Lobe Left Lobe of Lung, % 
Dog Inspired istered, Infusion, Mode of ——~* —S ——*—_ 1 -— 
No. Air, % Ce./Kg. Min. Death 128s: 4 128 Right 
1 17 2 4 Not killed 
15 2 14 Not killed 
15 3 s Died 
15 { 13 Killed 
10 2 20 Killed 
10 9 Killed 
15 Died 


a 
Left 


so that when the mixture in one bag was used, the other could be started immedi- 
ately. The empty bag was then refilled. 

The gas mixture flowed from the Douglas bag through a one-way inflow valve 
made from a rubber condom. A one-way exhale valve, also made from a condom, 
was placed over a hole in the side of the intratracheal tube. Any mixing of expired 
air with the incoming mixture between the inflow and exhale valves was felt to be 
insignificant, as the distance between the valves was short and none of the animals 
showed any clinical changes when breathing room air through this system. 

After the animal had been inhaling the low oxygen mixture for 20 min., the 
administration of isotonic sodium chloride solution was started into the jugular vein 
through a 13 gage needle. A standard amount of 200 cc. per kilogram of body weight 
was administered, and an attempt was made to administer the fluid during a 15-min. 
period, or at a rate of 13.33 cc. per kilogram per minute. Because of technical 


difficulties, this exact rate was not always obtained; however, except in one case, 
the deviation was slight. After the fluid administration, hypoxia was continued for 
another 40 min., so that the total time of the experiment was 75 min. 


With the exception of two animals, all dogs were killed with large doses of 
pentobarbital sodium approximately four hours after the procedure was com- 
pleted if death had not occurred prior to that time. Autopsy was performed 
immediately. The water contents of the lungs were determined. 
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Results: The results of these experiments are summarized in Table 4. Two 
dogs were not killed. Neither showed any clinical manifestations of respiratory 
difficulty, and both survived until used for other experiments. 

Two dogs died during the procedure, No. 3 and No. 7. Dog 3 died during the 
intravenous administration of fluid, and death was due to cardiac failure. Dog 7 
died of asphyxia. Near the end of the experiment the tube to the Douglas bag 
became kinked, and the animal died before this was discovered. Until this time, it had 
withstood the procedure well. 

All animals showed some increase in the water content of the lungs. However, 
as can be seen from Table 4, gross edema developed in only one animal. The water 
content of the lungs of Dog 7 was significantly increased, and it is possible that 
gross edema might have developed if this animal had survived the full length of 
the experiment. 

Several animals not included in Table 4 suddenly stopped breathing shortly 
after the administration of the low oxygen mixture was started. Most of these 
animals were revived; however, two animals were allowed to die ef acute anoxia. 
In both, the lungs were normal in appearance, and, as is shown in Table 5, the water 
content of the lungs was normal. 


TasLe 5.—Effect of Acute Anoxia on Pulmonary Moisture 











Grade of Edema of Lung 

Found on Gross Examination 
a anny Wena —_-—_____, Moisture Content 

Right Lobe Left Lobe of Lung, % 
Mode of oo unseen Y ane e-em Y ae 

Death ie 123: Right Left 

Died 000 79.39 79.61 

Died 000 78.57 78.00 


Procedure \11.—Inspiratory Resistance and Rapid Saline Infusions: Normal 
mongrel dogs were anesthetized, an intratracheal tube inserted, and the pharynx 
packed off as described in procedure II. After respirations and pulse had stabilized, 
normal pulse and respiratory rates were recorded and the end of the intratracheal 
tube, which was equipped with an exhale valve, was connected to a water bottle. 
When the animal inspired, it was necessary for respirations to be sufficiently strong 
to overcome the resistance of a column of water which was 6 cm. in one experiment 
and 16 cm. in three others. After this resistance was overcome, room air was 
breathed. The apparatus used was the same as that diagrammed in Figure 1 except 
that no Douglas bag was used. 

After the animals had inspired against resistance for 20 min., a saline infusion 
was started and administered as previously described. In these experiments it was 
possible to administer the saline at the desired rate in all cases. When the saline 
administration was completed, the resistance was continued for another 40 min., 
making a total time of 75 min. for the experiment. 

Pulse and respirations were recorded periodically throughout the experiment. 

All dogs were killed with large intravenous doses of pentobarbital sodium 
approximately four hours after the completion of the experiment and autopsied 
immediately. Water contents of the lungs were determined in the animals which 
inspired against a resistance of 16 cm. of water. 
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Results: The results are summarized in Table 6. All animals tolerated the 
procedure without difficulty. Two of the animals had slight increases in the water 
content of the lungs. The third had a marked increase in the water content of the 
lungs and gross pulmonary edema developed. 

Procedure 1V.—Hypoxia, Inspiratory Resistance, and Rapid Saline Infusions : 
This procedure was simply a combination of procedures II and III. The dogs were 
anesthetized, and normal pulse and respiratory rates were recorded. Inspiratory 
resistance of 16 cm. of water and, in most cases, inhalation of a 10% oxygen-90% 
nitrogen mixture were begun. In two instances, hypoxia was produced simply by 
occlusion of the air vent every third breath. Administration of saline was started 
20 min. after the procedure was begun, as previously described. The entire experi- 


ment, again, lasted 75 min. 





B Cc 
A, 


Fig. 1—Equipment used to produce hypoxia and inspiratory resistance in procedure IV. A 
intratracheal tube with exhale valve; B, 16 cm. column of water for inspiratory resistance; C, 
Douglas bag. 


TaBLe 6.—Production of Pulmonary Edema with Inspiratory Resistance 
and Rapid Saline Infusions 


Inspira- Grade of Edema of Lung 
tory Found on Gross Examination 
Resist- Saline Duration - ‘ 
ance, Admin- °o 
Dog Cm.of istered, Infusion, Mode of - — 
No. Water Cec./Kg. Min. Death a4 248 Left 
6 200 15 Killed 
16 200 15 Killed 
16 200 15 killed 
16 200 15 Killed 


ee ~--—-—, Moisture Content 
Lobe Left Lobe of Lung, % 
—A 





Apnea developed in two dogs as soon as the experiment was started. They 
were both revived within two or three minutes and were then able to withstand the 


procedure without difficulty. 

Cyanosis usually became marked shortly after the beginning of the experiment, 
and several of the dogs would have died from the procedure had it been continued 
as started. Consequently, when dogs appeared on the verge of respiratory collapse, 
the low oxygen mixture was discontinued and the animals were allowed to breathe 
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room air against resistance until such time as there was a decrease in the cyanosis. 
When the cyanosis began to subside, inhalation of the low oxygen mixture was 
resumed. 

Pulse and respiratory rates were recorded periodically throughout the experi- 
ment. 

Twenty-one dogs were subjected to the procedure. Six of the animals were 
killed, as indicated in Table 7. The remainder were not. All animals that were killed 
or that died were autopsied. The water contents of the lungs were determined in 
all these animals, with the exceptions noted in Table 7. 

Results: One dog died during the procedure. This animal was one of the first 
experimented on, and the method of simple occlusion of the air vent was used. The 
dog died suddenly during the administration of the saline infusion, and death was 
believed to be due to cardiac failure. The lungs were swollen and pale in appearance 


7.—Production of Pulmonary Edema with Hypoxia, Inspiratory Resistance and Rapid Saline Infusions 














Inspira- Survival Grade of Edema of Lung 
tory Time Found on Gross Examination 
Oxygen  Resist- Saline Duration After - + _ Moisture Content 
in ance, Admin- of Procedure Right Lobe Left Lobe of Lung, % 
Dog Inspired Cm.of istered, Infusion, Started, Mode of - 4 - - ~~ ‘+ 
No Air, % Woater Ce./Kg. Min. r. Death e4 34 Right Left 
1* ‘ 16 26.5 12 " Died 83.69 83.72 
q 10 16 : 20 Died 333: 2 82.89 83.19 
‘e 2 15 s killed 82.53 
12 j q 30 5he Killed 333: 85.19 
10 2 13 dle Killed S 3-4 7 81.47 
Killed 82.50 
10 j 2 25 é killed 33 3 3 85.31 
10 ¢ § Died $33 3 4.” 
10 5 3 Died 3 3 sueea 
10 3 y killed $: S-3.-4 : 83.14 
ll 10 : Died $33 3 86.59 
12 10 y 5 { Died 82.18 
13 10 j } Died 333 333 84.22 
4 10 } 15 Died 33 3 3 83: 84.33 
15 10 j 19 Died 85.79 


* Hypoxia produced by occluding air vent every third breath. 
t Lung abscess. 


and doughy to palpation. As can be seen in Table 7, there was a marked increase 
in the water content in both lungs, and it is believed that gross edema would have 
developed in this animal had he survived the experiment. 

Of the six animals that were killed, only one had rales in the lungs and cyanosis 
at the time of death. It is thought that this dog would have died of pulmonary 
edema had he not been killed, as none of the dogs lived in which these signs 
developed. Another was cyanotic at the time of death but had no clinical abnor- 
malities in the lungs. The remaining four reacted from anesthesia normally and had 
neither cyanosis nor signs of edema in the lungs when killed. Table 7, however, 
shows that all these animals had gross pulmonary edema, as well as significant 
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increases in the water content of the lungs, confirming the findings of other authors 
that severe pulmonary edema may exist in the dog without clinical signs. 


Of the remaining 14 dogs, eight died of pulmonary edema. In only two (No. 2 


and No. 15) were there any clinical findings in the lungs; however, all the dogs 


remained cyanotic until death, and none reacted from the anesthesia. 
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The findings in the lungs of the dogs which were autopsied are summarized in 
Table 7. All but one of the animals had moderate to marked gross edema of the 
lungs, as well as significant increases in the water content. In Dog 12, the lungs 
were swollen and pale and there was a significant increase in the water content of 
the right lung. 


Six animals reacted from anesthesia and were allowed to live. 


COMMENT 
Pulse and respiratory rates were determined periodically on 


all animals in 
experiments II, III, and IV. A typical example from each of the 


experiments is 


—_— —_— Dog 6-Procedure If 


Deg 3-Procedure III 
Deg 11-Procedure IV 
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Fig. 2.—Pulse and respiratory rates of dogs during procedures II, III and IV. 
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presented in Figure 2, In these experiments hypoxia alone or in combination with 


any of the other factors always resulted in a rise in respiratory rate. As will be 
noted, inspiratory resistance alone did not. The graphs do not give a complete 
picture of the respiratory and cardiac status of all the 
times there were considerable changes in tidal air and 
changes in respiratory or pulse rates. 


rest 


Pisce OTE 


animals, however, for at 
or pulse volume without 


All the 24 dogs which were autopsied after receivit 


ig rapid saline infusions 
showed congestion of the liver. Five of these animals had 


ascites. None of the dogs 
autopsied after receiving rapid blood transfusions showed these changes. 

None of the animals had either pleural or pericardial effusion. 

Despite the small number of dogs used, the results in procedure I show that the 
tolerance to rapid blood transfusions is greatly reduced after pneumonectomy. 
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These experiments reveal that although pulmonary edema can be produced by 
all four methods employed, only with procedure IV did edema develop in a high 
percentage of the animals. This attests the magnitude of the protective mechanisms 
which are normally operating in the dog. It is probable that the animals in which 
pulmonary edema developed in the other experiments already had some predis- 
posing factors, such as variations in plasma proteins, blood volume, age, or cardiac 
status, which were not accurately determined prior to the experiment. 

In procedure IV there were multiple factors tending to produce edema. They 
may be summarized as follows: 

I. Hypoxia 
A. Increased capillary permeability 15 
B. Increased respiratory rate and effort 
II. Inspiratory resistance 
A. Increased the net pressure in the pulmonary artery by decreasing the intrapleural 
pressure 19% 
B. Increased the total volume of blood in the lungs 2° 
III. Rapid Saline Infusions 
A. Increased pulmonary arterial and venous pressures 2! 
B. Increased total blood volume and total volume of blood in the lungs 2? 
C. Diluted plasma proteins 2° 
D. Decreased tidal air and thereby increased the degree of hypoxia 24 
E. Increased respiratory rate and effort 25 
F. Impaired the flow of lymph from the lungs during the period of high venous 
pressure 


G. Increased the quantity of sodium in the body 26 


18. Landis, E. M.: Microinjection Studies of Capillary Permeability: III. The Effect of 
Lack of Oxygen on the Permeability of the Capillary Wall to Fluid and to the Plasma Proteins, 
Am. J. Physiol. 83:528-542, 1928. Maurer, F. W.: The Effects of Carbon Monoxide Anoxemia 
on the Flow and Composition of Cervical Lymph, ibid. 133:170-179, 1941. Warren, M. F.; 
Peterson, D. K., and Drinker, C. K.: The Effects of Heightened Negative Pressure in the 
Chest Together with Further Experiments upon Anoxia in Increasing the Flow of Lymph, 
ibid. 137:641-648, 1942. 


19. Lauson, H. D.; Bloomfield, R. A., and Cournand, A.: The Influence of the Respiration 
on the Circulation in Man, Am. J. Med. 1:315-336, 1946. 

20. de Burgh Daly, I.: The Conditions Governing the Blood Capacity of the Lungs, J. 
Physiol. 65:422-433, 1928. Dupee, C., and Johnson, V.: Respiratory Changes in Pulmonary 
Vascular Capacity, Am. J. Physiol. 139:95-98, 1943. Lauson, Bloomfield and Cournand.!® 

21. (a) Yeomans, A.; Porter, R. R., and Swank, R. L.: Observations on Certain Manifest- 
ations of Circulatory Congestion Produced in Dogs by Rapid Infusion, J. Clin. Invest. 22:33-45, 
1943. (b) Gibbon, Gibbon and Kraul.'*# 

22. Altschule, M. D., and Gilligan, D. R.: The Effects on the Cardiovascular System of 
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25. Heyer, Holman and Shires.2* Warthen.?* 
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operative Salt-Intolerance, Ann. Surg. 119:533-541, 1944. 
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Many of these factors tend to produce a generalized edema. Pulmonary edema 
occurred in the absence of edema elsewhere because of the localizing factors which 


were instituted. 

Luisada has stated that in the dog the liver protects against the development 
of edema subsequent to massive fluid infusions by storing large quantities of fluid 
until it can be excreted.’°” It is probable that in those animals in which ascites 
developed the liver congestion was great enough to produce some degree of portal 


obstruction. 

Procedure IV fulfills all the stipulated criteria. The mortality before the com- 
pletion of fluid administration was low, and the percentage of animals in which 
edema developed was high—92.9% of those autopsied. The mortality rate from 
pulmonary edema in animals which were not killed was 57.1%. 


SUMMARY 


A rapid, standard method was sought for the production of pulmonary edema 
in the dog which would produce no physiological alterations not likely to be found 
in human beings with pulmonary edema. 

Rapid blood transfusions in animals after pneumonectomy, hypoxia and rapid 
saline infusions, and inspiratory resistance and rapid saline infusions produced gross 
pulmonary edema in a small percentage of animals subjected to each procedure. 

A combination of hypoxia, inspiratory resistance of 16 cm. of water, and rapid 
infusions of 200 cc. of saline per kilogram of body weight produced gross pulmonary 
edema in 13 of 14 (92.9%) autopsied animals. All the animals showed an increase 
in the water content of the lungs. Of 14 animals subjected to the procedure which 
were not killed, eight (57.1%) died of pulmonary edema. 








TRANSORBITAL LOBOTOMY IN THE RELIEF OF INTRACTABLE PAIN 


J. M. WILLIAMS, M.D. 
AND 


WALTER FREEMAN, Ph.D., M.D. 
WASHINGTON, D. C. 


REEMAN and Watts! give the detailed history of a patient with conversion 
hysteria on whom prefrontal lobotomy was carried out in 1936. At the time, 


the authors’ attention was focused on the complex neurosis. They were agreeably 


surprised, however, to discover that with remission of the psychoneurotic symptoms 
a concomitant relief of disabling pain occurred. It is probable that this case repre- 
sents the first attack on the frontal lobes as a method of relieving intractable pain. 
In June 1946 Freeman and Watts * reported five cases of organic disease in which 
relief of pain was accomplished by means of prefrontal lobotomy. This group 
included carcinomatosis, tabes dorsalis, the thalamic syndrome, trauma to the 
cauda equina and hysterical contractures. They commented that apparently Van 
Wagenen was the only neurosurgeon at that time employing this method for the 
relief of intractable pain. Since then the procedure has gained rather wide accept- 
ance in the control of suffering and has been extensively described and performed 
by many neurosurgeons, notably Dynes and Poppen,* Olivecrona,* and Scarff.° 
This paper describes our experiences with transorbital lobotomy in the control of 
intractable pain. 

To understand the mechanism of pain and the function of the frontal lobes in 
the reenforcement of such agony it is necessary to undertake a short discussion of 
the theory as to why prefrontal lobotomy (and other operations on the frontal 
lobes) brings about relief. It is well established that the cortical level for somatic 
perception lies in the postcentral gyrus, having been projected thence from the 
thalamus. Also well established are the thalamofrontal projections, which are con- 
cerned with the interpretation and significance to the individual of such sensory 

From the Department of Neurology and Neurological Surgery, George Washington 
University. 

1. Freeman, W., and Watts, J. W.: Psychosurgery: Intelligence, Emotion, and Social 
Sehavior Following Prefrontal Lobotomy for Mental Disorders, Springfield, Ill, Charles C 
Thomas, Publisher, 1942. 

2. Freeman, W., and Watts, J. W.: Pain of Organic Disease Relieved by Prefrontal 
Lobotomy, Lancet 1:953 (June 29) 1946; in discussion, Prefrontal Leucotomy with Reference 
to Indications and Results, Proc. Roy. Soc. Med. 39:445-447 (June) 1946, 

3. Dynes, J. B., and Poppen, J. L.: Lobotomy for Intractable Pain, J. A. M. A. 140:15-19 
(May 7) 1949. 

4. Olivecrona, H.: The Surgery of Pain, Acta psychiat. et neurol. (Supp.) 46:268-280, 
1947. 

5. Scarff, J. E.: Unilateral Prefrontal Lobotomy for the Relief of Intractable Pain; Report 

f 58 Cases with Special Consideration of Failures, J. Neurosurg. 7:330-336 (July) 1950. 
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perceptions. Therefore, with intractable pain, recurring stimuli continuously activate 
the sensory cortex and, via the prefrontal relay, there arises the emotion of anticipa- 
tion or fear of pain. We choose to call this situation “suffering.” When one 
considers carcinomatosis or tabes dorsalis, it is clear that, besides the pain, there 
occurs a great amount of such suffering, which indeed bridges the gap between the 
individual pains and maintains a more or less constant abnormal and high level of 
suffering. Such patients commonly say: “You won't forget my medicine, will 
you?” “If this medicine doesn’t work, I can have another shot, can’t I?” and 
similar expressions. It is this fear of pain which is successfully attacked by opera- 
tions on the frontal lobes. The individual stimuli postoperatively continue to be 
reported to the postcentral gyrus, but the emotional display, compounded of antici- 
pation of the next pain and echoes of the latest pain, is lost. 

Transorbital lobotomy for the treatment of mental disorders was introduced by 
Fiamberti ® in 1937 and has been adopted in Italy and elsewhere on an increasing 
scale. It was 10 yr. before this method was applied to patients with terminal 
cancer for the relief of intractable pain. The first results, as described by Free- 
man,’ were only mildly encouraging. Freeman* modified the procedure so as 
to sever more of the thalamofrontal connections. During the last two years the 
deep frontal cut has been used on a series of patients for the relief of unbear- 
able pain. 

OPERATIVE TECHNIQUE 

With the patient supine on the operating table and under light thiopental sodium (pentothal® ) 
anesthesia, the upper eyelid is pulled away from the eyeball and the point of the transorbital 
leukotome ® is inserted into the superior conjunctival sac. The point is then directed against 
the dome of the orbital plate, 3 cm. from the midline, and, with the shaft kept in the plane 
of the nasal bone, the leukotome is driven through the orbital plate to a depth of 5 cm. from 
the margin of the upper eyelid. The handle of the leukotome then is drawn laterally in the same 
plane until the shaft impinges on the lateral margin of the bony orbit. After this, it is returned 
part way to its parasagittal position and driven in 2 cm. further to a total depth of 7 cm. from 
the margin of the upper eyelid. Constant checking for the proper plane is maintained during 
this procedure. At this newer depth, the handle of the leukotome is gently moved toward the 
midline as far as the ala of the nose. It is then drawn laterally to approximately the same 
angle, estimated to be a total of about 20 to 30 degrees. Finally, with the handle of the leukotome 
in this lateral position, the instrument is elevated until the shaft impinges on the superior orbital 
ridge, thus bringing the point of the instrument in close proximity to the floor of the frontal 
fossa. Not infrequently this procedure is accompanied with a fracturing of the thin orbital 
plate. The leukotome is then rapidly withdrawn and pressure applied to the upper eyelid with a 
sterile sponge. This procedure is then carried out on the opposite side in an identical manner. 
During the operation proper alignment of the instrument is checked by a photographic record 
made of the instrument in its several planes. 


Local anesthesia or electroconvulsive shock has been employed instead of 
thiopental sodium anesthesia. Preoperative medication is unnecessary. No prepa- 


ration of the operative field is required. Postoperatively, a single dose of penicillin, 


6. Fiamberti, A. M.: La leucotomia prefrontal transorbitaria; indicazioni e tecnica, Arch. 
psicol. neurol. e psichiat. 9:445-447, 1948. 

7. Freeman, W.: Transorbital Lobotomy, Am. J. Psychiat. 105:734-740 (April) 1949. 

8. Freeman, W.: Transorbital Leucotomy: The Deep Frontal Cut, Proc. Roy. Soc. Med. 
(Supp.) 42:8-12, 1949. 


9. The transorbital leukotome is made by H. A. Ator, 5332 Twenty-Ninth St., N. W., 
Washington, D. C. 
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300,000 units, is given intramuscularly as prophylaxis. The patient usually regains 
consciousness within a period of 20 min. to half an hour and smiles wanly when 
asked about the pain. Then, after a little more persistent questioning, he admits 
that the suffering has been relieved. In the ensuing days, if the patient is asked 
directly if he has pain, he will frequently say that he has, but he no longer asks 
for medicine. 

The side effects of transorbital lobotomy consist chiefly of transient disorienta- 
tion and euphoria. Almost always there is marked swelling of the eyelids, due to 
escape of cerebrospinal fluid through the surgical perforation, but the swelling 
subsides within two days. Varying degrees of hemorrhage may give rise to “black 
eyes” that last up to two weeks. Serious intracranial hemorrhage following trans- 
orbital lobotomy is treated by inserting a brain cannula through the operative tract 
and first aspirating the blood and then irrigating with isotonic sodium chloride 
solution until bleeding stops. Unless a major artery has been lacerated, the 
outcome will usually be favorable. 

Recovery from transorbital lobotomy is prompt, so that patients can leave the 
hospital within a day or two (in the absence of complications) and enjoy their new 
lease on life. The underlying condition remains uninfluenced, of course, but the 
patient’s outlook on life undergoes a dramatic change for the better. This improved 
attitude may be transient or it may last until death. 


Since many of these patients are addicted to drugs, their postoperative course 


may be adversely affected if due consideration is not given to withdrawal symptoms. 
We have observed several patients who were so relieved of their suffering that they 
exhibited withdrawal symptoms without a murmur of complaint. This situation 
can be alarming, but it is easily and promptly controlled by the administration of 
morphine or meperidine hydrochloride (demerol® hydrochloride). When it occurs, 
we gradually reduce the medication in the postoperative days so that by the end of 
about the third day the patient is receiving codeine, 30 mg., from which he may be 
weaned without the development of alarming symptoms. 


MENTAL CHANGES 


The marked changes in personality known to occur after prefrontal lobotomy 
are seldom, if ever, seen after transorbital lobotomy. Not uncommonly, an element 
of flippancy pervades the speech. Lack of concern for the future commonly 
observed after prefrontal lobotomy is observed, but to a less degree. We feel that 
such an emotional state is desirable in advanced carcinomatosis, since transquility 
of spirit is comforting not only to the patient but to the family as well. As an 
illustration of this we quote from a postoperative conversation with the patient 
who had carcinoma of the uterus with metastases to the spine and a pathologic 
fracture of the ischium: 

Q.—What is the matter with you, Mrs. K.? A.—The doctors don’t seem to 
know, but I think it’s cancer. 

Q.—What happens to people with cancer? A.—They all die. 

Q.—Are you going to die? A.—Certainly. We all have to die some time 
(smiles). 

Q.—What is your biggest problem now? Pain? A.—No. One leg is shorter 
than the other when I walk. 


eS ciate nit i 2 





Fig. 1 (Case 14).—Photographs of patient and roentgenograms of her hip showing progress 
of disease. Left, before transorbital lobotomy; center, two months later; right, nine months 
later and shortly before her death. Suffering was relieved in spite of progress of the lesion. 
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Fig. 2—Coronal section through the frontal lobes in Case 14 at the level of the genu of the 
corpus callosum, showing the symmetrical vertical cuts accomplished by transorbital lobotomy 
in severing the thalamo-prefrontal connections. 
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The following two case reports illustrate what may be expected of transorbital 
lobotomy in the management of intractable pain: 

Case 14.—M. K., a 55-yr.-old white woman with carcinoma of the fundus of the uterus, was 
admitted to the hospital after panhysterectomy and roentgen therapy. Metastasis to the right 
ischium was detected. There was a pathological fracture of «he ischium (Fig. 1). 

Transorbital lobotomy was performed on April 22, 1949, and was followed by notable con- 
fusion for several days. The patient experienced complete relief of suffering until her death 
on Feb. 16, 1950. She remained cheerful and even flippant to the end. She recognized some 
change in her personality, for she said, “All that looking into the future and fussing and fretting 
has been let out of me.” 

After operation the patient left the hospital and got around on a cane at home for three 
months. Later she became weaker and returned. She was bedridden for the last six weeks. 
Autopsy revealed extensive metastatic carcinoma, and section of the brain showed surgical 
interruption of the thalamofrontal fibers (Fig. 2). 

Case 5.—R. Y. was a 4l-yr.-old Negro woman suffering from metastatic carcinoma of the 
breast with pleural effusion and severe orthopnea. Little relief was obtained from the use of 
morphine sulfate, 16 mg. every four hours. She was emaciated and slept sitting up. On Nov. 3, 
1949, she was taken to the operating room, where it was discovered that she could not lie down 
because of the orthopnea. The anesthetists were understandably reluctant to administer thiopental 
sodium. With the head tilted back on the head rest and the table converted partially to the 
chair position, cocaine was dropped into the conjunctival sac, followed by infiltration (procaine, 
1%) of the superior conjunctiva and the periosteum. The transorbital leukotome was then 
introduced. Some distress was occasioned by the tapping of the leukotome. The cuts, however, 
were made without complaint. When this procedure was repeated on the opposite side much 
less distress due to tapping occurred (the head did not need to be steadied by an assistant). 
On withdrawal of the instrument the patient stated in response to the question relating to pain: 
“My, I’m glad that’s over! I feel fine now—no pain—and if I just stay this way always, I'll 
be the happiest woman in the world.” 

This patient survived for three weeks. There were no complaints of pain. In the last 10 days 
she was disoriented and severely dyspneic. After 24 hr. of coma she died, presumably of 
respiratory embarrassment. Permission for necropsy was denied. 


ANALYSIS OF CASES 


There is little to add that has not already been revealed in the summary of the 


cases as shown in the accompanying table. These 23 cases represent varying 
degrees of pain, most of which, however, was of exceeding severity and was 
complicated by drug addiction. In all these cases transorbital lobotomy relieved 
pain at least temporarily. Five patients relapsed to a painful state of varying 
degrees within two weeks after operation. Scarff°* points out that lobotomy, no 
matter what type is employed, offers only “a relative barrier to pain” and that as 
the pain-producing disorder progresses more pain may be created than the 
lobotomy can offset. We are inclined to agree with Scarff in this statement. 

It is interesting to note that of all the patients who relapsed, seven in number, 
only one returned to his preoperative drug requirement (Case 20). It is further 
interesting to note, and this appears to be of vital importance, that every one of 
those who failed to secure complete relief of pain from transorbital lobotomy had 
involvement of the nerve roots. We believe, with Scarff, that when a nerve plexus 
or specific nerve is impinged on directly by a pathologic process, the likelihood of 
relieving that specific pain is much less. Our experience further indicates that 
should return of pain occur it is most likely to manifest itself at the end of the two- 
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week postoperative period. This fact, when recognized, affords a means of pre- 
paring, if necessary, for further pain-relieving measures. 

Our failures (seven in number) probably would have been increased had more 
patients survived a longer time, for over one-half of our patients died within four 
months of the operation (13 out of 23). Yet, of these 13, only three were classified 
as failures. This fact highlights the worthiness of the procedure, for it may be 


offered to patients previously excluded from surgical relief of their suffering by the 


nature of their illness or by their generally debilitated state. To illustrate, at least 
10 of our patients were in such a weakened physical condition that it is improbable 
that they could have survived chordotomy or craniotomy, and we have come to 
believe that if the patient can survive 10 min. of thiopental sodium administration, 
he can survive the operation. In this series we had two operative deaths (Cases 1 
and 2). One was due to intracranial hemorrhage (Case 2) and the other to suf- 
focation (Case 1). In Case 2 an autopsy was not done. This case indicates that 
the procedure does embrace a hazard and should not be undertaken by anyone 
unfamiliar with the structures operated on. In the case in which suffocation was 
the cause of death, the patient would probably have survived had the procedure 
been carried out under local anesthesia, as was done in Case 5. Two other patients 
died within the first postoperative week (Cases 3 and 4). It would appear that 
in both these cases the cause of death was the primary disease (cancer) and not 
the operation. 

One complication was observed in this series, namely, glaucoma (Case 9). 
However, there was a past history of glaucoma in this case dating back two 
years; so the relationship between the operation and the reappearance of the 
glaucoma is not altogether clear. Seven of our patients are living six months to a 
year after the operation, and of these seven, two claim little or no relief as the 
result of the procedure (Cases 18 and 22). 

In an effort to avoid complications such as hemorrhage, as seen in one of our 
cases, the operative procedure has recently been revised and two cases in which 
this new method was used are in this group (Cases 10 and 23). In these instances, 
the lateral sweeps of the leukotome were omitted and only the “deep frontal cut” 
was employed. Inasmuch as the blood supply to the frontal lobes comes from the 
medial or lateral surfaces, we hope by this method to prevent laceration of these 
vessels by the leukotome, with resulting hemorrhage. The relief of pain brought 
about by this modification appears to be equal to that in the other 21 cases, though 
admittedly too short a time has elapsed to permit one to judge accurately, nor is our 
series of two cases of statistical significance. Theoretically, the deep frontal cut 
should encounter no blood vessels whatsoever during its employment. 

Case 23.—E. P., a 5l-yr.-old white woman, was treated intensively for carcinoma of the 
cervix, with the development of postirradiation fibrosis involving the lumbosacral plexus and 
occlusion of the left iliac vein with elephantiasis. 

Transorbital lobotomy, using the deep frontal cut only, placed 3 cm. on either side of the 
midline in the parasagittal plane, resulted in complete relief of pain, though with continued 
sensitivity to movement or to extensive use of the affected leg. Elements of confusion lasted two 
weeks. At the time of this writing (three months later), the patient is still free of pain, sleeping 
and eating well, happy and uncomplaining. Acetylsalicylic acid, 0.3 gm., is sometimes given at 
night for sleep. The elephantiasis is increasing, and a vesicovaginal fistula appears to be develop- 
ing. With all, however, the patient has undertaken a 1,000 mile automobile trip to visit relatives. 











M. A. ARCHIVES OF SURGERY 


SUMMARY 


Twenty-three cases of intractable pain treated by transorbital lobotomy are 
presented. The operation was immediately effective in all cases, though five 


patients relapsed to a state of suffering within the first two weeks. Two operative 
deaths are discussed. The method of performance is detailed. It is feasible to 
perform this operation with the patient under local anesthesia. 


CONCLUSIONS 
Transorbital lobotomy is a valuable adjunct in the treatment of unbearable pain. 
It offers hope of relief heretofore denied many patients because of their general 
debility. Any patient who can tolerate intravenous anesthesia for 10 min. can 
tolerate the operation. 





APPENDICOILEAL FISTULA 


A Complication of Acute Appendicitis with Perforation 


JOHN L. KEELEY, M.D. 
CHICAGO 


NLY THREE references to appendicoileal fistula are reported in the available 
literature to date. As Shallow points out, a fistula between the appendix and 
any other viscus is uncommon and one between the appendix and the terminal 
ileum extremely rare. Four cases are presented herewith to support the belief that 


this type of fistula is a complication of acute appendicitis with perforation. In the 


first two cases communication between the appendix and the ileum was present ; 
the other two cases are believed to represent intermediate stages in the formation 
of appendicoileal fistulas. 

REPORT OF CASES 

Case 1.—C. R., a Negro boy aged 7 yr., entered Cook County Hospital on Nov. 8, 1947, for 
the third time. In September, 1946, a diagnosis of acute appendicitis with perforation was made. 
Conservative treatment resulted in improvement, but one month later it became necessary to 
drain a pelvic abscess through the rectum. In June, 1947, an abscess in the subcutaneous tissue 
between the xyphoid process and the umbilicus just ‘to the right of the midline was drained 
and colon bacilli were recovered from the pus. 

On November 8 there was a small firm mass in the right lower quadrant 3 to 4 cm. in 
diameter. The temperature was normal; leukocytes numbered 8,950, with 46 per cent poly- 
morphonuclear leukocytes. A barium enema revealed no abnormality. Exploration appeared 
advisable. 

At operation on November 17 many adhesions were encountered. The tip of the appendix 
was thickened and inflamed and contained a fecalith. It was adherent to the ileum, and an 
appendicoileal fistula was found (drawing, Case 1). Appendectomy was performed and the 
stump inverted without ligation by means of a purse-string suture of silk. The ileum was 
closed with interrupted mattress sutures of fine silk. The postoperative course was uneventful, 
and the patient has remained well. The pathologic diagnosis was acute ulceration of the appendix 
with perforation and a fecalith. 

Case 2.—N. F., a white man aged 35, had a history of abdominal pain of two weeks’ duration. 
When he was seen on Aug. 5, 1949, he had fever and leukocytosis and a tender mass in tbe 
right flank. A barium enema the previous day had disclosed a filling defect in the lateral wall 
of the cecum. A diagnosis of extraperitoneal abscess arising from acute appendicitis with 


perforation was made. On August 16 the abscess was incised and about 5 cc. of pus was released 

From the Department of Surgery, Stritch School of Medicine, Loyola University; Division 
of Surgery, Mercy Hospital, and Children’s Surgical Service, Cook County Hospital. 

1. (a) Garcia, D. A.: Congenital Anastomosis of the Appendix with the Ileum: Report of 
Case, J. Philippine M. A. 20:725-728, 1940. (b) Shallow, T. A.; Eger, S. A., and Knowles, 
H. J.: Appendico-Ileal Fistula, Am. J. Surg. 71:423-426, 1946. (c) Boyce, F. F.: Acute 
Appendicitis and Its Complications, New York, Oxford University Press, 1949, p. 237. 

2. Ochsner, A., and Lilly, G.: The Technique of Appendectomy with Particular Reference 
to the Treatment of the Appendiceal Stump, Surgery 2:532-554, 1937. 
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from the center of the inflamed area in the extraperitoneal fat; no fecalith was found. The patient 
became afebrile; recovery was uneventful, and he was dismissed from the hospital 10 days later. 
In October the outer angle of the incision opened, drained a small amount of pus and closed 
spontaneously. The patient was treated with penicillin and local applications of heat. Pain and 
tenderness in the operative site persisted. Mild fever and leukocytosis were present from time 
to time, and late in November his discomfort increased. A barium enema disclosed no abnormality. 
On December 7 the abdomen was opened. The proximal two fifths of the appendix was found 
to be swollen and reddened. An appendicoileal fistula was found (drawing, Case 2). Within 
the lumen of the fistula lay a small fecalith. The appendix was removed and the stump inverted 
without ligation by means of a purse-string suture of silk with a reenforcing “N” suture of silk. 
The opening in the terminal portion of the ileum was closed by means of interrupted mattress 
sutures of fine silk. The wound healed promptly, and to date the patient has remained well. 


The following two cases indicate that intermediate stages in the formation of 
appendicoileal fistula may be encountered in the treatment of appendical disease. 


Case 3.—N. S., a white man aged 37, was admitted to Mercy Hospital on May 10, 1947. 
He had complained of flatulence for several years, and in July, 1946, his physician made a 


Fecalith 
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Diagram of appendicoileal fistula with fecalith as found in Cases 1 and 2. The abscess con- 
taining a fecalith found in Case 3 is shown in lower drawing. 


diagnosis of duodenal ulcer and spasticity of the colon. Three weeks prior to his admission the 
lower abdominal pain became severer, particularly in the recumbent position. The night before 
admission further exacerbation of pain as well as persistent vomiting occurred. 

Physical examination disclosed an oral temperature of 101.4 F. The pulse rate was 92 per 
minute and the respiratory rate 20 per minute. The abdomen was flat; diffuse tenderness of the 
lower region was more marked on the right. Peristaltic sounds were hyperactive, with occa- 
sional high-pitched tinkles. The erythrocytes numbered 4,530,000, and the hemoglobin concen- 
tration was 90% (14 gm.). The leukocytes numbered 7,100, with 77 per cent polymorphonuclear 
leukocytes, 21 lymphocytes and 2 monocytes. The urine was normal. A flat roentgenogram of 
the abdomen disclosed some gas in the region of the sigmoid. 

Conservative management with antibiotics, gastric suction and fluids given intravenously 
was instituted. A roentgenographic study of the upper gastrointestinal tract on July 17 revealed 
evidence of duodenitis and gastritis. Changes suggesting an irregularity in the terminal portion 
of the ileum and edema of the ileocecal valve were found, but there was no suggestion of ulcera- 
tion. It was thought that a portion of the appendix filled. In the hope of securing additional 
information, reexamination of the small bowel as a special study was done. Although ileitis was 
strongly suggested, the roentgenologist was unwilling to make the diagnosis of a typical regional 
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enteritis because of the relatively short segment of bowel apparently involved. Because of the 
inconclusive nature of the roentgen studies and the severity.of the patient's illness on his admis- 
sion, it was felt that exploration should be undertaken. 

At operation on May 21 a loop of lower ileum was found to be adherent deep in the pelvis. 
When this was freed it was possible to turn the caput coli and the terminal part of the ileum 
up into the wound. The appendix lay almost parallel to the last 8 to 10 cm. of ileum and was 
adherent to the left lateral surface of that portion of bowel. When the appendix was being freed 
from the ileum an abscess about 2 cm. in diameter was opened. The walls of the abscess were 
formed to an equal extent by the appendix and the ileal wall (drawing, Case 3). The abscess 
contained pus and a small fecalith. 

The ileum was greatly thickened, probably because of the contiguous inflammatory process. 
Appendectomy was performed. The patient made an uneventful recovery and has remained well 
to date. The pathologist reported a perforated appendix with marked chronic appendicitis and 
periappendicitis of nonspecific type. The inflammatory reaction within the appendical wall indi- 
cated a process of relatively long standing. 


Case 4.—W. M., aged 54, was first seen on Dec. 13, 1947. There was drainage from the 
outer angle of his appendectomy scar. His past history included healed pulmonary tuberculosis 
which had remained arrested for many years. His abdominal complaints began on March 11, 
1947, when he was admitted to the hospital with abdominal pain, nausea and vomiting of 30-hr. 
duration. There was fever of 103 F.; leukocytes numbered 16,500, with 76 per cent polymorpho- 
nuclear cells. A diagnosis of acute appendicitis with perforation was made, and the patient was 
operated on without delay. The appendix was retroileal and pointed toward the midline. It was 
acutely inflamed and gangrenous at its base. It was removed, and the stump was closed without 
difficulty. A soft rubber drain was inserted, and the abdominal wall was closed. There was severe 
wound infection with profuse drainage, which was subsiding when the drain was removed on 
March 18. The patient was dismissed on the 37th hospital day with a small amount of thin 
drainage at the outer angle of the incision. The pathologic diagnosis was acute suppurative 
appendicitis with perforation. There was no evidence of tuberculosis. 

The sinus continued to drain despite persistent attempts to stimulate healing by cauterizing 
agents and packing. Cultures from the tract showed no evidence of tubercle bacilli. On Sept. 7, 
1948, iodized oil U. S. P. (lipiodol, 40% iodine®) was injected into the sinus tract and roentgen 
studies showed that the contrast medium entered the terminal ileum. A barium enema disclosed 
no abnormality in the colon. 

At operation on November 11 the sinus tract was followed down through the scar into the 
abdomen and led directly to the terminal ileum about 4 in. (10 cm.) from the ileocecal valve. 
At the point of entrance of the fistula into the ileum the wall of the bowel was considerably 
thickened and scarred. It was necessary to resect the scarred area which represented the 
antimesenteric region of the bowel at this level in order to provide normal tissue for closure. 
The wound healed per primam, and the patient was dismissed on December 1. Microscopic 
examination of the tissue removed at operation disclosed chronic inflammation and an epidermal 
lining in the sinus tract. There was no evidence of tuberculosis. The patient has continued to 
be under observation by his physician because of the past pulmonary history and has remained 
well to date. 


COM MEN 


The four cases reported in the literature and the four cases presented herewith 


. - . . . . . . . - 
have a common history of abdominal pain compatible with a diagnosis of acute 
appendicitis. 


There is little evidence to support the view of Garcia ' that a communication 
between the appendix and the ileum is congenital. His 24-yr.-old patient had 
suffered with pain in the right lower quadrant for four months prior to surgical 
treatment. There was a mass present in the right lower quadrant of the abdomen, 
and cecal schistosomiasis had to be considered in the differential diagnosis. The 
treatment was appendectomy and closure of the opening in the ileum; recovery was 
uneventful. Despite the history of pain and discomfort of four months’ duration 
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the author believed the condition to be congenital in origin. From the standpoint 
of the development of the bowel in the ileocecal region, there is no embryological 
evidence to suggest a basis for the belief that such a fistula is congenital.* 

In the two cases reported by Shallow and his associates '® the history was com- 
patible with a diagnosis of acute appendicitis. Their first patient, a woman of 63, 
had a “feeling of heaviness” and “dragging sensation in the abdomen” for years. 
Mild diffuse tenderness in the right lower quadrant and a normal blood count were 
present. Roentgenologic examination showed only a portion of the appendix out- 
lined by barium sulfate, but 


‘an abnormal patchy pattern in the mucosa of the 
terminal ileum” was seen. Appendectomy was performed, and the opening in the 
ileum was closed. Fourteen days after the operation the roentgenogram of the ileum 
showed no abnormality. 

Their second patient, a white woman aged 53, had an 11-day history of right 
lower quadrant pain which became worse two days before her admission to the 
hospital. The findings indicated an intraperitoneal inflammatory process, with a 
temperature of 100 F. and a white blood cell count of 17,000. At operation an 
abscess thought to be appendical in origin was found. The abscess was drained, and 
the patient recovered. She was readmitted four and one-half months later for 
appendectomy, and on the second admission there were no physical or laboratory 
findings suggestive of intraperitoneal inflammation. At operation the appendix was 
found to be adherent to the ileum about 4 in. (10 cm.) from the ileocecal junction 
after many adhesions were freed. A small abscess, 1 cm. in diameter, was found in 
the angle formed by the ileum and the appendix. An appendectomy was performed, 
and the appendicoileal fistula was discovered when the tip of the appendix was 
freed from the ileum. The opening in the ileum was repaired, and recovery was 
uneventful. 

3oyce ** described a case of appendicoileal fistula in a 38-yr.-old Negro admitted 
to the Charity Hospital, New Orleans. There had been a previous laparotomy for 
suspected perforated peptic ulcer at which acute pancreatitis had been found and 
from which the patient made a complete recovery. Four years later he was again 
hospitalized because of abdominal pain which had been present 78 hr. The admitting 
diagnosis was intestinal obstruction due to peritoneal adhesions and was based on 
the history of previous laparotomy, normal temperature and blood count, and a 
roentgenogram of the abdomen which showed dilated loops of small bowel with 
fluid levels. The cause of the obstruction was found to be an inflammatory mass 
about an appendicoileal fistula. The appendix was adherent to the ileum about 3 ft. 
(91 cm.) from the ileocecal valve. An appendectomy was performed, the opening 
in the ileum was closed and recovery was prompt. 

In the two cases herein reported definite histories and findings indicated acute 
inflammatory abdominal disease. In the younger patient the diagnosis which was 
entertained throughout his illness and on which his treatment was based was acute 
appendicitis with perforation. In the second case the abdominal complaints were 
vague and mild at the onset of the disease, without sufficient findings to warrant a 


clinical diagnosis of acute appendicitis. Eventually the fever, leukocytosis, cecal 


filling defect, localized tenderness, and rigidity above the iliac crest on the right 
prompted a diagnosis of perforation of the appendix with abscess formation. 


> 


3. Strong, R. M.: Personal communication to the author. 
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In the third case, an abscess lying between the terminal ileum and the distal 
portion of the appendix at the site of its perforation is believed to be an intermediate 
stage in the development of appendicoileal fistula. The history and findings were 
compatible with a diagnosis of acute appendicitis, the site of the perforation in the 
appendix was visualized, an abscess containing a fecalith was exposed and the 
adjacent ileum participated in the acute inflammatory process. It is entirely reason- 
able to expect that if this inflammatory process had not been disturbed it could have 
caused an opening in the wall of the ileum, thus forming a fistula. 

The fourth case is not as clearcut as the third. It is apparent, however, that 
although the removal of a gangrenous perforated appendix was followed by exten- 
sive wound infection the draining sinus present for seven months afterward showed 
a communication with the ileum and not with the base of the appendix or the 
cecum, when studied by means of roentgenograms made after injection of iodized 
oil, At operation the fistulous tract was isolated and found to have an entrance into 
the ileum approximately 10 cm. from the ileocecal valve. Despite the history of 
healed pulmonary tuberculosis in this patient, neither bacteriologic nor pathologic 
studies indicated in any way that a specific infection caused the fistula to persist. 
The communication with the bowel, with continued contamination from that source, 
and epithelization of a portion of its length were responsible for the persistence 
of the fistula. In this case it is believed that the gangrenous appendix had involved 
the terminal ileum by a contiguous inflammatory process. After appendectomy 
the point of greatest involvement in the ileal wall underwent spontaneous perfora- 


tion, which without appendectomy might have resulted in an appendicoileal fistula. 


SUM MARY 

Two instances of appendicoileal fistula are presented. Previous acute appendi- 
citis had been present in each. Two additional cases are described. One was an 
instance of ileitis involving the terminal few inches of small bowel, undoubtedly due 
to the spread of inflammation by contiguity from an inflamed appendix. The other 
was an instance of persistent fistula of the terminal ileum following appendectomy 
for acute appendicitis with perforation. From the study of these cases it is believed 
that appendicoileal fistula is a complication of acute appendicitis with perforation. 
It appears to be a rare condition, judging from the few reported cases. 
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N THE year 1895 deQuervain, a surgeon in the Kocher Clinic, described a 

painful condition of the wrist which was localized in the region of the radial 
styloid process. The malady was found to be a stenosing tendovaginitis of the most 
lateral osteofibrous canal on the dorsum of the distal end of the radius through 
which pass the tendons of the extensor pollicis brevis and the abductor pollicis 
longus. At that time deQuervain reported on five patients whom he had treated 
either by immobilization or incision of the stenosed osteofibrous canal. After this 
numerous reports appeared in the foreign literature. 

In 1898 Hoffman,' unaware of deQuervain’s publication, reported 12 similar 
cases which 4e had seen, the first report in the American literature concerning this 
condition. From that time until 1930 there was little mention of the condition, the 
only publications being those of Schneider,? Finkelstein, and Stein.* Of these 
papers, the one by Finkelstein is the most comprehensive. He believed the cause 
of the condition to be chronic, mild trauma and described the pathological changes 
as thickening of the tendon sheath, which microscopically showed many young 
fibroblasts and areas of round cell infiltration. He stated that he was able to produce 
similar pathological changes in the radial styloid region of rabbits by spraying the 
region with ethyl chloride, rubbing the region with a wooden roller, or striking it 
with a mallet. A good account of the symptomatology was presented, and Finkel- 
stein * advised operation as the treatment of choice except in the acute stages. 

Since 1930 reports in the American and British literature have been more 
numerous (Cotton,® Burns,® Bunnell,” Brown,* Aitken,® Haggart,'’ Hanlon," 
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Keyes,’ Shepherd,"* Wood,'* Potter,’® Patterson,’® Murphy,'? Diack,** and Me 
Donald *). Most of these writers point out that this condition is frequently diag- 
nosed incorrectly or goes completely undiagnosed and that many physicians are 
probably unaware of its occurrence. Because of this and our experience with 20 cases 
of deQuervain’s disease during the past three years, we believe that a study of the 
subject and the report of more cases will be of value. 


ANATOMY 


The tendons of the extensor pollicis brevis and the abductor pollicis longus pass 
through a common osteofibrous canal which is the one most lateral on the dorsal 
surface of the distal end of the radius. This canal, approximately 1 cm. in length, 
is formed by the fibers of the dorsal carpal ligament, the radius, and the prominences 
of the radius to which the ligament attaches. Surrounding these tendons also is a 
synovial-lined tendon sheath which extends 1 cm. proximal from and 2 to 3 cm. 
distal to the ligament. At the place where the dorsal carpal ligament and the sheath 
cover the tendons these two structures are inseparable, and they appear as a thin, 
pearly gray ligamentous structure. 

The tendons which pass through this canal are the extensor pollicis brevis, which 
inserts into the base of the proximal phalanx of the thumb, and the abductor 
pollicis longus, which is usually described as inserting into the base of the first 
metacarpal. Bunnell’ has pointed out that in 12 of his 22 cases of deQuervain’s 
disease he has found an accessory tendon of the abductor pollicis longus, and he 
suggests that because of the frequency of this occurrence an accessory tendon may 
be of etiological significance. Current texts of anatomy, “‘traité des variations du 
systéme musculaire de l"homme” by LeDouble (1897) *° and “‘traité d’anatomie 
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humaine” by Poirier (1896) ,** all mention accessory tendons of the abductor pollicis 
longus, but they give little information as to their frequency. In a study carried out 
recently the wrists of 42 cadavers were dissected in an effort to learn something of 
the frequency of insertions of accessory tendons in this region. 

The following facts were found: Of the 84 wrists dissected, 57 showed a division 
of the abductor pollicis longus tendon into two or more parts within, just distal to, 
or just proximal to the osteofibrous canal. Insertion of these accessory portions of 
the tendon was about equally divided between insertion into the fascia and muscles 
of the thenar eminence and insertion into the trapezium. In three wrists the tendon 


Summary of Cases 


Occupation Side Tendon Variation Treatment Result 
Saleswoman Right None Operation Symptoms relieved 
Housewife Left None Cast, 4 wk Symptoms persisted 

Operation Symptoms relieved 
Mason Left None X-ray Symptoms persisted 
Operation Symptoms relieved 
Housewife Left None Operation Symptoms relieved 
X-ray Left Double abductor Operation Symptoms relieved 
technician tendon 
Waitress Left Double abductor Cast, 4 wk. Symptoms persisted 
tendon Stellate block Symptoms persisted 
Operation Symptoms relieved 
Waitress Right Double abductor Operation Symptoms relieved 
tendon 


Housewife Bilat. None Operation Symptoms relieved 


Musician Right Double abductor Operation Symptoms relieved 
tendon 


Cook Left Double extensor and Operation Symptoms relieved 
abductor tendon 


Bookkeeper Left Unknown X-ray Symptoms persist 
Housewife Lett Unknown X-ray No follow-up 


Anesthetist Left Double abductor X-ray Symptoms persisted 
tendon Operation Symptoms relieved 


Housewife Left Abductor tendon Operation Symptoms relieved 
in 4 parts 


Housewife Lett None Operation Symptoms relieved 
Housemaid Bilat None Operation Symptoms relieved 


Housewife Left Double abductor Operation Symptoms relieved 
tendon 


Housewife Left Double abductor Operation Symptoms relieved 
tendon 
Housewife Right None Plaster cast Symptoms persisted 
X-ray Symptoms persisted 
Operation Symptoms relieved 
Housewife Right Double abductor Operation Insufficient follow- 
tendon up period 


of the extensor pollicis brevis was double in the region of the osteofibrous canal. In 
only six cases a large single tendon was found to occupy the canal; in these cases 
the tendon divided and gave rise to slips of tendon which inserted into the proximal 
phalanx of the thumb and the base of the first metacarpal and at times into the 
trapezium or muscles and fascia of the thenar eminence. In nine wrists the tendons 
of the extensor pollicis brevis and the abductor pollicis longus were found in separate 
osteofibrous canals, a bony and fibrous septum lying between the two tendons 
(Stein **). 


21. Poirier, P.: Traité d’anatomie humaine, Vol. 2, Paris, Masson & Cie, 1896. 


22. Stein, A. H.: Variations of Tendons of Insertion of the Abductor Pollicis Longus and 


the Extensor Pollicis Brevis, Anat. Rec. 110:49-56, 1951. 
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ETIOLOGY 


The etiology of deQuervain’s disease has been stated to be chronic recurrent 
mild trauma in the region of the radial styloid process by most writers on the sub- 
ject. This trauma has been attributed to the angulation of these tendons as they pass 
through the osteofibrous canal and to the friction between tendon and sheath when 
the thumb is used excessively. The fact that these two tendons form a nearly acute 
angle when the wrist is extended may be of some importance, but certainly the 
most striking fact is that most of the persons with this condition are engaged 
in an occupation requiring considerable movement of the fingers and thumb. A 
history of excessive writing, typing, knitting, and sewing is frequent. Women are 
much more frequently the victims of the condition; in this series of 20 patients 17 
were women, and of these, 13 gave their occupation as “housework.” One of the 
patients was an anesthetist who for years had been holding the anesthesia mask in 
her left hand until she could no longer do so because of severe pain in the radial 
styloid region. Keyes '* also has reported bilateral involvement in an anesthetist. 
Occasionally there is a definite history of trauma to the wrist from which the onset 
of symptoms can be dated, and the trauma may vary from a rather mild blow to a 
fracture. In three of the cases in this series a definite history of trauma was 
obtained ; two patients recalled a recent blow to the radial styloid region, and the 
other dated the onset of symptoms to a fracture of the wrist received when a car 
door slammed on her wrist. 

We have not seen a case in which infection was thought to be an etiological 
factor, and the literature to date would tend to uphold this observation. All writers 
agree that tuberculosis and syphilis are of no etiological significance. In the 38 
cases reported by Hanlon" in 1949, some form of rheumatic symptoms were 
present elsewhere in 15 of the patients. 

The fact that most of the cases involve middle-aged women and that in two of 
our cases the condition was bilateral suggests a constitutional predisposition. We 
believe that this is similar to the predisposition of some patients to degenerative 
arthritis. As already mentioned, Bunnell’? has suggested that accessory tendons 
may play a causative role, since he found them to be present in 12 of his 22 cases, 
and we were inclined to agree with him as we had noted accessory tendons in sev- 
eral of our own cases. However, as evident from the anatomical study, the incidence 
of accessory tendons in cadavers roughly parallels the incidence of accessory tendons 
in surgical cases; therefore, it would not appear that accessory tendons can be con- 
sidered as a causative factor. 

PATHOLOGIC PROCESS 

Gross Changes—When the styloid process of the radius is exposed, the tissues 
may appear normal or the sheath of the abductor longus and extensor brevis 
muscles of the thumb may appear normal or the area of the fibro-osseous canal 
on the dorsal surface of the radius may be occupied by a pale firm fibrocartilaginous 
swelling. This swelling is in the roof of the canal, which when incised to expose 
the tendons is found to be thickened to a variable degree. The amount of thickening 
probably varies directly with the duration and severity of the symptoms. 


When the canal and the adjacent portions of the tendon sheath are opened, 
the portion of the tendons lying in the canal is usually constricted. The tendons 
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may be roughened or partly fibrillated, and their surface may have lost its normal 
sheen. They fit tightly in the canal, and the portions adjacent to the canal may 
appear swollen. In a high percentage of the cases we have found one or more 
accessory tendons in the canal (Fig. 1). The tendon sheath on either side of the 
constriction may appear hyperemic and slightly thickened, and some adhesions or 
synovial bands may be present. In an acute case it may contain some fibrin. 
Microscopic Changes.—The microscopic changes vary considerably in different 
cases and consist of increased cellularity and vascularity with thickening of the 
roof of the bony canal, degenerative changes in the deeper layers and on the surface 
of the dense fibrous type of lining of the canal, and proliferative changes in the 
areolar areas of the lining of the tendon sheath (Fig. 2). There is also some meta- 
plasia, and a variable amount of fibrocartilage is present. The proliferative changes 
vary from a slight increase in size and number of the synovial lining cells to a 
marked increase in size and number of these cells and considerable infiltration of 


Fig. 1—Photograph of tendons exposed at operation. Both tendons are frayed, and an 
accessory abductor pollicis longus tendon is pulled out from where it was hidden beneath the 
main tendon. The roof of the canal has been removed, and the thickened margin of this can be 
seen lying between the tendon of the extensor pollicis brevis and the two hemostats. 


small and medium-sized round cells. Rarely in our experience were there any col- 


lections of round cells, but a few such collections were found in the subsynovial 


tissues (Fig. 3). In many instances there was a considerable increase in the number 
of the smaller blood vessels in the subsynovial tissues, and in some cases there 
was rather marked villus formation. The average villus was small, consisted of 
a core of delicate connective tissue containing small blood vessels and was covered 
with several layers of relatively youthful-appearing synovial lining cells, the whole 
villus being mildly infiltrated with medium-sized round cells (Fig. 4). In none 
of our sections was there noticeable leukocytic infiltration. In some of the more 
acute cases masses of fibrin were adherent to the synovial surface, and in some 
instances synovial cells, round cells, or macrophages appeared to be invading the 
fibrin or imprisoned in the fibrin. The fibrous wall of the osteofibrous canal was 
uniformly thickened, and in some instances the thickening was extreme. Along with 
the thickening there were changes in the dense fibrous tissue. These changes 








a 


Fig. 2—Areolar portion of tendon sheath showing folds and villi with hyperplasia of the 
cells. Top view is a section through the roof of the dense fibrous canal in the same case. 
This shows moderate increase in the number of cells and blood vessels, and some fibrin is 


adherent to the surface. 
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consisted of degeneration of the fibrous surface, increase in the vascularity in the 
depths of the fibrous tissue, and a rather marked proliferation of the fibroblasts 
so that the tissue was much more cellular than was normal (Fig. 5). In some areas 
small blood vessels coursed at right angles to the surface and there was a relative 
increase in the number of fibroblasts in their vicinity ; thus perpendicular columns 


of cells appeared to radiate from the surface into the deeper layers of the dense 
fibrous tissue. 


6). In other 
fibrous tissue 


In some instances the fibrous surface was thrown into folds (Fig. 
instances there were degenerative changes in the depths of the dense 
and there were areas in which it was converted into fibrocartilage. 
In some areas in which this fibrocartilage formed part of the surface of the tendon 
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Fig. 3.—A nodule of round cells in the subsynovial tissues. There is moderate increase in the 
vascularity of the surrounding tissues. 
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sheath the surface showed fibrillation and death of some of the cartilage cells 
(Fig. 7). 


Theagees scans 


It is believed that the essential lesion in this condition is degeneration followed 
by proliferation and increased vascularity in the roof of the fibrous and bony canal 
over the styloid process of the radius and that this is initiated by excessive use or 
trauma coupled with some constitutional predisposition. Whether the proliferative 
changes or the degenerative changes are primary it is not known, but it seems 
probable that the primary change is degeneration similar to that which occurs in 
degenerative arthritis. The secondary increase in the vascularity and the production 
of fibroblasts and young connective tissue cells causes a thickening of the fibrous 
roof of the canal, with constriction of its lumen. This in turn causes more and 


constant pressure on its surface by the tendons in the canal, and so there is created 
a vicious circle. 
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Fig. 4.—Villi arising from surface of relatively dense portion of the tendon sheath showing 
relatively slight infiltration in the vascular subsynovial tissues. Top picture is a higher 
power view of the margin of the dense fibrous synovial surface in which there is marked increase 
in the blood vessels and in the connective tissue cells. 








Fig. 5—Dense fibrous tissue wall of canal showing moderate increase in vascularity and in 
the connective tissue cells. There is some degeneration of the surface. Top picture is a higher 
power view of the same tissue. 
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Fig. 6—A fold in the synovial surface with increase of cells and blood vessels in the fibrous 
type of surface. In the lower left hand corner there is a small area of fibrocartilage, and near 
this is an area of degeneration. Top picture is a higher power view of the surface with adherent 
fibrin. 
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SYMPTOMATOLOGY AND DIAGNOSIS 


This condition, which is commonest in middle-aged women, usually has an 
insidious onset. The first and most prominent symptom is pain in the region of 
the radial styloid process which gradually increases in severity over a period of 
a few weeks. In some cases the pain becomes so severe as to prevent the patient 
from sleeping at night; grasping with the thumb and fingers is almost always pain- 
ful and weakened. Frequently a small swelling over the dorsal surface of the radial 








Fig. 7. 
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-Synovial surface composed of fibrocartilage showing fibrillation of the surface. 


styloid process will be noted by the patient, and pain is often described as radiating 
up the radial side of the forearm to the elbow or distally into the thumb. 


Examination reveals thickening, and in some cases there is a visible swelling 
over the dorsum of the radial styloid process. On palpation there is a firm mass 
which is cartilaginous in consistency and may be extremely tender. Extremes of 
If the thumb 


active abduction or extension or flexion of the thumb are painful. 
is placed in the palm of the hand and held there by flexion of the fingers and the 


wrist is then moved into ulnar deviation, acute pain is produced in the region of 
the radial styloid process. 


This is the most characteristic finding in this disease. 
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Roentgenologic examination of the involved wrist, though usually noncontribu- 
tory, should always be done to rule out any osseous lesion. In some instances 
there is moderate rarefaction of the cancellous bone of the radial styloid process. 
Schneider * has reported two cases in which lime salts were seen over this process 
at the point of maximum tenderness. We doubt that these were true cases of 
deQuervain’s disease. Finkelstein® has mentioned that tendovaginitis or osteitis 
(tuberculosis), periostitis, neuritis, and arthritis (gouty, rheumatic, gonorrheal, 
or syphilitic) should all be kept in mind in the differential diagnosis. Fractures 
of the radial styloid process and of the carpal navicular must also be excluded. 
However, in our experience the clinical picture has been typical, and the diagnosis 
of deQuervain’s disease should be relatively easy if the possibility of its presence 
has occurred to the examiner. We have seen two patients, one with a diagnosis 
of tumor and another with a diagnosis of tuberculosis, who had been operated on 
unsuccessfully and the nature of the condition had not been recognized. 


THERAPY 


Most of the writers on this condition favor surgical intervention as the treat- 
ment of choice, since it apparently offers the promptest relief of symptoms. Schnei- 
der,? however, has stated that in his experience seven out of 10 patients will be 
given permanent relief from symptoms by proper immobilization in plaster with 
the thumb abducted and extended for a period of from four to six weeks, and he 
has advised operation only in those cases in which immobilization has failed to cure 
the patient. 

Of the patients in the series presented, three had immobilization in plaster for 
four weeks, with relief of symptoms, but when the cast was removed the pain 
promptly returned and subsequent surgical intervention produced the cure. In 
five of the cases being reported small doses of X rays were given. Only temporary 
relief of symptoms resulted in the four of these cases that could be followed; in 
three a subsequent operation resulted in complete relief of symptoms. One patient 
underwent a stellate block on the affected side, but this failed to produce a bene- 
ficial effect. Of the 20 patients in this series, 18 were operated on. However, 
one of us (J. A. K.) has seen many patients with deQuervain’s disease in private 
practice who were not hospitalized or operated on. In some of these the symptoms 
persisted for several months in spite of treatment in the form of relative rest and 
immobilization, heat, deep X-ray therapy, vitamins, diet and salicylates ; some even- 
tually got well, and others were lost sight of. There have been others, usually with 
relatively mild symptoms, who recovered fairly promptly with or without treatment. 

The purpose of the operation is to incise or remove the roof of the osteofibrous 
canal through which the tendons pass. This can easily be done with the patient 
under local anesthesia and through either a longtitudinal or a transverse incision 
over the involved radial styloid region. The superficial radial nerve may be encoun- 
tered and should be guarded. The thickened roof of the canal may then be entirely 
or partially removed to expose the tendons of the extensor pollicis brevis and the 


abductor pollicis longus. In approximately half of the cases one or more accessory 


tendons of the abductor pollicis longus will be found, and it is not necessary that 
these be removed. In this series 10 of the 18 operative cases showed accessory 
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tendons. Occasionally the tendons of the extensor pollicis brevis and the abductor 
pollicis longus will be in separate osteofibrous canals, with only one being involved 
in the disease process. The latter condition should be kept in mind during the 
time of surgery, as exemplified by the two cases reported by Murphy.'’ Routine 
closure of the subcutaneous tissue and the skin followed by a light dressing is 
satisfactory. Active motion of the thumb is allowed in two or three days or as 
soon as the acute discomfort from the operation has subsided. The prognosis 
after operation is excellent, and in this series no unsatisfactory results have been 
observed. 

We have seen one patient operated on elsewhere who did not recover after 
operation. In this instance apparently the constriction was not incised throughout 
its entire length; the patient was returned to his original surgeon, and he was 
operated on again. We have had one patient, a psychoneurotic woman, in whom 


pain persisted for about three months after operation and finally subsided. In this 


instance we used a transverse incision as advised by Bunnell. Whether or not 
this incision was a factor we do not know. In our other patients we have used 
the longitudinal incision. We believe that there is more danger of dividing sensory 
nerves in a transverse incision and also that the surgeon is less apt to do a satis- 
factory division of the constricted tendon. 


SUM MARY 

A study of 20 cases of stenosing tendovaginitis at the radial styloid process 
(deQuervain’s disease) has been carried out, and a discussion of the anatomy, eti- 
ology, pathology, symptomatology and treatment is presented. The incidence of 
accessory tendons of insertion for the abductor pollicis longus in patients with 
deQuervain’s disease is approximately the same as that found in cadavers; there- 
fore, the presence of an accessory tendon should not be considered as an etiological 
factor. Operation is the treatment of choice, and almost always gives prompt and 
gratifying relief of symptoms. 
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EXPERIMENTAL ESOPHAGEAL AND PHARYNGOCERVICAL FISTULA 


PAUL F. WARE, M.D. 
AND 
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BOSTON 


K* )PHAGEAL fistulas in the laboratory animal have been utilized for a variety 
of experimental purposes. Pavlov and Schumova-Simanovskaia' used dogs 
with cervical and gastric fistulas in their studies on the relationship of the vagus 
nerves to gastric secretion. Pavlov * states that neck infection in the dog is serious 
and often fatal. In 1929 Saint and Mann * cited the appalling mortality associated 
with experimental surgery of the esophagus and called attention to the factors of poor 
blood supply and lack of a true serosa. Saint * later stressed the risk of fatal infection 
of the pleura and the cellular tissues of the neck. Allen ® mentions the frequency 
of mediastinitis during the course of experimental surgery when the lumen of the 


esophagus is opened. After the clinical experiences of Sturgeon * and Lahey * with 
esophageal diverticulas, both Allen ° and Markowitz * advocated the use of two stage 
procedures in animal work to aid in the prevention of infection. Andrus and Don- 


nelly ® found obstruction of the esophagus in the neck or just above the diaphragm 
invariably resulted in death in from 36 to 144 hr. Life could not be prolonged 
by the administration of sodium chloride or sodium bicarbonate. It was postulated 
that loss of saliva through esophageal fistulas was contributory to malnutrition and 
Supported by a grant from the Trustees under the wills of Charles A. King and Marjorie 
King. 

This paper is No. 1 in a series on a combined experimental and clinical approach to the 
surgical treatment of peptic ulcer. 

From the Surgical Service and the Smithwick Foundation of the Massachusetts Memorial 
Hospitals and the Department of Surgery of the Boston University School of Medicine. 
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death, but Wilder and Stokes *® studied saliva loss through esophageal fistulas in 
pigs and concluded that it did not interfere with normal growth. Dragstedt and 
Mullinex '' pointed out the high mortality common to most laboratories in the 
performance of single stage esophageal fistula operations. Their own mortality was 
approximately 50% in early 100 animals, and for this reason they decided to 
use a two stage procedure. 

This paper describes a simple technique for constructing an esophageal fistula in 
one stage, with a negligible mortality rate. The method was developed for collecting 
secretions from the dogs’ intact stomach '* but may be used for purposes such as 
feeding, postoperative gastric deflation, perfusion experiments, gavage, or instilla- 
tion of medication. Although there is a tendency for the skin opening to close 
spontaneously after a time, it may be kept open by leaving a short length of catheter 
tied in the fistula or by dilation of the ostium every few days. The animals eat freely 
with or without the tube in place; there is no dysphagia or regurgitation of food 
and only slight leakage of saliva. The blood and nerve supply to the stomach is not 
affected, and the animals remain in excellent condition for long periods without 
requiring supplementary intravenous administration of electrolytes or calories. 
Insertion or manipulation of a catheter is painless and may be done without 
anesthesia. 

After trials of various methods for collecting gastric juice, including the use of 
the pharyngocervical fistula, which is also described below, the cervical esophagos- 
tomy has been adopted as the preparation of choice. 


TECHNIQUE OF ESOPHAGOSTOMY 

The animal is anesthetized with intravenous administration of pentobarbital 
sodium (nembutal®*) and is placed in a right lateral decubitus position on a small 
sandbag for lateral neck flexion. The area is clipped, prepared and draped. A 3 cm. 
transverse skin incision, beginning over the belly of the sternocleidomastoid muscle, 
is made midway between the larynx and the suprasternal notch. The external jugular 
vein is retracted or ligated and divided. The trachea can be palpated through the 
thin area between the sternocleidomastoid and infrahyoid muscles. The fascia over 
this region is incised, the carotid sheath is retracted laterally, and the esophagus is 
mobilized into the incision by blunt and sharp dissection. The vagus nerves are 
gently separated from the esophagus and allowed to remain in their natural position. 
The tissue planes thus exposed are now closed by suturing the lateral walls of the 
esophagus to the adjacent muscles, thus leaving the surface to be opened exposed to 
the surgeon but walled off from the deeper tissues of the neck. The esophagus is 
picked up with Allis forceps, and slight traction is maintained in a cephalad direction 
while an inverted U-shaped incision is made into the esophageal lumen. This incision 
is so placed that when the traction is released, the opening in the esophagus will 
retract caudally to a position just beneath the inferior skin margin. 


10. Wilder, T. S., and Stokes, J. S.: Esophageal Fistula in the Experimental Animal, Arch. 
Surg. 23:111 (July) 1931. 

11. Dragstedt, C. A., and Mullinex, R. B.: Experimental Esophageal Obstruction, Arch. 
Surg. 24:152 (Jan.) 1932; Experimental Esophageal Fistula, J. Lab. & Clin. Med. 16:591, 1931. 

12. Howe, C. W.; Porell, W. J., and Ware, P. F.: Assessment of Gastric Secretory 
Responses in Relation to Peptic Ulcer, Arch. Surg., to be published. 





WARE-HOWE—EXPERIMENTAL ESOPHAGEAL FISTULA 231 


The apex of the U flap is sutured to the inferior skin margin as a baffle to prevent 
leakage of food. The cephalad edge of the esophageal opening is sutured to the base 
of the U flap as shown in Figure 2F. This maneuver reduces the size of the opening 
and makes it fit snugly around the catheter. The medial and lateral aspects of the 
skin incision are closed loosely. A 3 to 4 in. (7.6 to 10 cm.) segment of tubing is 
then inserted through the fistula into the distal esophagus and anchored to the dog’s 
neck and a dressing applied. 

This procedure has been well tolerated in 55 dogs, with one exception. Death 
resulted in an animal seven days after operation from a cervical abscess to the right 
of the trachea, with extension into the mediastinum. The actual fistula was well 
healed and sealed off and had no communication with the abscess. Usually the wound 
heals per primam, but occasionally there is some induration in the incision, which 
quickly subsides. 


 Olaor/-# 


Fig. 1—A, a 3-cm. transverse skin incision is made midway between the larynx and supra- 
sternal notch. B and C, the esophagus is mobilized into the incision by sharp and blunt dissection 
in the plane between the sternocleidomastoid and infrahyoid muscles. The vagus nerves are 
separated from the esophagus and left in normal position. The external jugular vein is seen 
coursing across the sternocleidomastoid muscle. D, the lateral walls of the esophagus are sutured 
to the adjacent muscles. 


In 13 instances in which the fistula has been allowed to close spontaneously, it 
has been reopened easily after a prolonged period of time by a simple revision of 
the old wound. 


The fistula can be used for intubation of the stomach within four to seven days 
after operation and will function for an indefinite period. One animal has been 
studied for 18 mo. 


TECHNIQUE OF PHARYNGOCERVICAL FISTULA 


In our hands the esophagocervical fistula is the method of choice for long periods 
of study. A pharyngocervical fistula constructed by the following technique is satis- 
factory for study periods of six to 14 days, and its preparation requires little surgical 
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skill. Under pentobarbital sodium anesthesia the back of the animal’s neck is shaved 
and prepared. A polyethylene or vinyl plastic tube 1.5 to 2.0 mm. in diameter is 
inserted into the stomach through the animal’s mouth. A full length Kelly clamp 
carrying the free end of the tube is thrust through the thin posterolateral pharyngeal 
wall just medial to the mandible to emerge beneath the skin in the lateral cervical 
region. The clamp is carried subcutaneously to the midposterior aspect of the neck, 
where a small nick in the skin is made. The tube is then delivered and anchored with 
a silk suture. If the animal is large, it may be necessary to make a small incision 
in the skin of the lateral aspect of the neck and tunnel subcutaneously to the posterior 
midline from this second incision. The point of emergence of the tube should be high 
in the neck posteriorly, where the animal cannot scratch it. The main disadvantage 
of this method is that, once in place, the tube cannot be manipulated except for a 
distance of 2 or 3cm. Manipulation is accomplished by pressure on the tube through 
the skin on the side of the neck and is not painful to the animal. Infection did not 


E 





Fig. 2—E, a U-shaped incision, with its base caudad, is made in an avascular area in the 
esophageal wall. The resulting flap, which is to form the baffle, is turned outward. This incision 
is carried out with the esophagus on slight traction as illustrated in Figure 1, C and D, and is so 
placed that when the traction is released the opening will retract to a position just below the 
inferior skin margin. F, the apex of the flap is sutured to the inferior skin margin. The cephalad 
edge of the opening is sutured to the base of the flap with two stitches as illustrated. When these 
stitches are tied, point J will be approximated to point 1’ and point 2 to point 2’, thus reducing 
the size of the opening to fit the catheter snugly as shown in G. G, diagrammatic illustration of 
the catheter in place. The opening has been reduced to conform to the size of the catheter and 
has retracted to a position just beneath the inferior skin margin. Inset “g” shows catheter 
removed, allowing the flap to act as a baffle partially to close the opening and deflect food from 
leaking out through the fistula. H, the skin has been closed, and the catheter is in place. 


occur in the six instances in which this preparation was used. Five of the animals 
tolerated the small caliber plastic tubing in the posterior pharynx and esophagus 
without evidence of irritation or initiation of the gag reflex. The other one vomited 
on the second day and extruded the tube from the mouth. Although it could be 
replaced, the dog eventually removed it from the fistula by traction against his feet. 


Animals with these tubes in place appeared normally active and free from pain, and 
their appetites were not impaired. 
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CONCLUSIONS 
1. A simple one stage technique is described for construction of esophageal 
fistulas in the dog in which the mortality is negligible. It is suitable for studies on 


the intact dog’s stomach and allows long term experiments in a well-nourished 


animal. 

2. A technique for gastric intubation through a pharyngocervical fistula is pre- 
sented which is serviceable for periods of one to two weeks. The simplicity of 
preparation makes it a useful method for short-term experiments. 
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TUDIES on gastric secretory responses in recent years have resulted in the 

proposal of a number of new operations for the treatment of peptic ulcer. The 
therapeutic efficiency of these procedures is correlated with reduction in the degree 
of secretory responses and particularly with the suppression or neutralization of the 
acid component. Data on gastric secretions following neurogenic and chemical 
stimulation are therefore important as a guide in the selection and evaluation of the 
appropriate surgical procedure. 


Available operations include gastroenterostomy, gastric resection at various 
levels and removal of components of the autonomic nervous system alone or in 


combination with one another. Emphasis has been placed on the operation of vagec- 
tomy combined with gastroenterostomy, antrectomy, 50% gastric resection, or high 
subtotal gastrectomy. In addition, several cases of sympathectomized hypertensive 
patients have been reported recently from this clinic, in which an antrectomy for 
bleeding duodenal ulcer was performed later. This fortuitous combination of opera- 
tions resulted in achlorhydria in one case, and the over-all postoperative effect in 
four cases was a marked lowering of the secretory responses.’ 

Gastric secretory data obtained from animals cannot be applied directly to man, 
nor can gastric pouch, histamine in beeswax or Mann-Williamson studies be carried 
out on patients. Criticisms of the accuracy of simple constant suction methods of 
study led to the development of the dye dilution technique as introduced by Gor- 
ham,? modified by Schoen and his co-workers,* and recently applied by Brooks and 


Supported by a grant from the Trustees under the wills of Charles A. King and Marjorie 
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This paper is No. 2 in a series on a combined experimental and clinical approach to the 
surgical treatment of peptic ulcer. 
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others.* These workers consider it to be a reasonably accurate technique. The 
method is cumbersome, expensive, and impractical for the routine study of large 
numbers of patients with peptic ulcer. It is desirable, therefore, to adopt a simple 
practical routine which can be used on all cases and which can be repeated at inter- 
vals postoperatively for the evaluation of treatment. Such a study routine has been 
described in a recent report ' dealing with the effects of various procedures on the 
gastric secretory responses of patients. This simple battery of tests allows assess- 
ment of the factors operative in each case. The patterns of the data obtained 
facilitate the choice of operation best suited physiologically to the individual patient. 

In order to confirm or discredit impressions acquired from small groups of 
patients and to augment the series of certain operative procedures which are infre- 
quently indicated, we have adapted to the dog the same technique of study used 
in man. 

It is the purpose of this communication to present secretory data on 39 normal 
dogs as studied by this method and to discuss it in relation to other methods in 
regard to both human studies and animal experiments. Subsequent papers will deal 
with the effect on gastric secretion of resection of both components of the autonomic 
nervous system combined with various operations on the stomach. 


METHOD OF STUDY 


Application of this routine to dogs has been made possible by the development of a simple 
single stage technique for cervical esophagostomy by which a catheter can be painlessly passed 
and manipulated.’ The stomach is left in the physiological state, the animal eats normally and 
the fistula is continent except for slight loss of saliva. Consequently, animals can be studied 
for prolonged periods without becoming debilitated or requiring supplementary feedings and 
electrolytes. 

The secretory study routine has been described elsewhere! and consists of four tests applied 
before and after surgical intervention. Gastric juice is collected by continuous suction from a 
Stedman pump through a Levin tube with an automatic suction release apparatus to insure 
against tube stoppage. Care is taken to have all subjects fasting and mentally at ease when 
the tests are conducted. The tube is inserted into the stomach under fluoroscopic guidance to 
insure that it is properly placed, and samples of gastric juice are collected as follows: 

(1) Fasting basal test (physiologic neurogenic stimulation): Six continuous suction 
specimens are collected in 10-min. aliquots. 

(2) Insulin test (potent neurogenic stimulation): This test is begun immediately after the 
completion of the basal test. The drug is administered intravenously to patients in dosage of 
0.08 units per pound (1 unit per kilogram for dogs), after which specimens are collected at 
half-hour intervals for three hours. Blood is withdrawn for sugar determinations prior to and 
at three half-hour intervals after administration of insulin. 

(3) Broth test (physiologic chemical stimulation): On a subsequent day, after a repetition 
of the basal test as described above, 80 cc. of peptone-beef broth is instilled into the stomach 
via the collection tube (40 cc. for dogs). After 20 min. the remaining broth is aspirated and 
six aliquots are collected at 10-min. intervals. 

(4) Histamine test (potent chemical stimulation): Finally the subject is given 0.2 cc. of 
histamine acid phosphate (0.1 cc. for dogs) subcutaneously and secretions are collected at 
10-min. aliquots for one hour. 


4. Brooks, J. R.; Erskin, J. M.; Gephart, T.; Swaim, O., and Moore, F. D.: The Chloride 
Output Rate of the Human Stomach in Healthy Subjects and Ulcer Patients; the Effects of 
Vagotomy and Acetylcholine, Surg., Gynec. & Obst. 90:155, 1950. 

5. Ware, P. F., and Howe, C. W.: Experimental Esophageal and Pharyngocervical Fis- 
tula, A. M. A. Arch. Surg., this issue, p. 229. 
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Fig. 1—Gastric secretory study on a normal man aged 26. The amounts of free hydro- 
chloric acid in milliequivalents per hour produced by each test were as follows: basal, 0.18; 
insulin, 5.44; broth, 3.77, and histamine, 5.97. 
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Fig. 2.—Graph of free acid and pH on a 54-yr.-old man with duodenal ulcer. The amounts 
of free hydrochloric acid in milliequivalents per hour produced by each test were as follows: 
basal, 3.61; insulin, 20.1; broth, 9.7, and histamine, 14.4. 
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The presence or absence of bile and mucus in each specimen is recorded, and the volume is 
measured. Free acid is determined by titration against 0.1 N sodium hydroxide. A con- 
stant flow, calomel-glass electrode pH meter is used to permit immediate determination of 
hydrogen ion concentration as the specimen leaves the patient’s stomach. Curves showing the 
above-mentioned factors are plotted on a standard graph. Figure 1 is a typical graph obtained 
from a normal 26-yr.-old man, and Figure 2 shows curves obtained from a 54-yr.-old man with 
duodenal ulcer. Total milliequivalents of acid per hour are calculated from the average free 
acid per hour multiplied by the hour volume of gastric juice divided by one thousand and are 
recorded for future comparison. 

In dogs the tests are conducted in identical fashion except that the Levin tube is inserted 
through the esophageal fistula and frequently manipulated. The same tests are repeated for 
two or more runs after each procedure, and averages are calculated. Animals are trained to 
submit quietly to the collections, and if necessary the results of the first few runs are dis- 
carded. The same personnel conducts all tests, which are timed so as not to be associated with 
feeding. Strangers are excluded from the laboratory, and if any psychological disturbance is 
suspected the data are discarded. The presence of skin disease, minor wound infection or food 
particles aspirated from the stomach during a run disqualify the test. The animal is left on the 
floor with the freedom of motion allowed by an adequate length of suction tubing, and the 
specimen is collected in a small bottle tied to its neck. The trained dogs lie peacefully through- 
out the run, sometimes moving about to a limited degree. Their demeanor suggests that 
the release from their cage and the attention of the attendant is a pleasurable experience for 
them. Figure 3 is a graph from a normal dog studied by this routine. 


It is our impression that achlorhydria to physiologic stimuli, such as broth, is a 
more adequate guide to the modification of acidity below the level of peptic activa- 
tion than is achlorhydria to the more potent stimulus of histamine. We have 
retained the histamine test largely for comparison with other data. A pH of 4.5 
has been selected for the present as the critical level above which negligible pepsin 
digestion occurs. 

In the present state of our knowledge such routine clinical study is best accom- 
plished by constant suction methods. Data on the clinical units of free acid, 
total acidity and pH are as nearly accurate by this technique as by any method 
of which we are aware except for that using the Lagerlof-Agren double-lumened 
tube, which largely prevents regurgitation of neutralizing duodenal content. This 
tube, however, is impractical after gastric resection or gastroenterostomy. Data on 
milliequivalent values of acid obtained when using constant suction technique are not 
as dependable as free acid concentration and pH data because of possible inaccur- 
acies in the volume of juice collected. In adopting this method we have therefore 
sacrificed a certain degree of accuracy in relation to milliequivalent values of acid in 
return for practicability. It is our belief that for reasons discussed below the degree 
of error in the volume of juice collected is small and sufficiently constant so that the 
method as we use it is a valid one for clinical assessment. Since the results have 
been shown to be statistically significant,’ it can also be used as an accurate index of 
the relative changes caused by various operative maneuvers. 


SECRETORY RESPONSES IN DOGS WITH INTACT NORMAL STOMACHS 


Esophagocervical fistulas ° were made in 39 healthy dewormed mongrel dogs 
weighing between 5 and 15 kg. These animals were Group II (mature) dogs 
according to the classification of Lillehei and Wangensteen.*® Collections of gastric 
secretions were made and studies carried out as described under “Methods.” 


6. Lillehei, C. W., and Wangensteen, O. H.: Effect of Age on Histamine-Induced Ulcer 
in Dogs, Proc. Soc. Exper. Biol. & Med. 68:129, 1948. 
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Figure 4 is a composite chart showing the averages of 144 basal, 30 insulin, 
75 broth, and 77 histamine runs on these 39 normal dogs. The average amounts of 
free acid produced during the various tests were as follows: basal tests, 0.496 
mEq. per hour; broth tests, 0.750 mEq. per hour; insulin, 1.1 mEq. per hour, and 
histamine, 2.94 mEq. per hour. 


VARIATIONS IN SECRETORY RESPONSES 

Smithwick and Kneisel? have shown that repeated fasting basal tests may be 
substituted for night secretion measurements in man. They confirmed statistically 
in 23 cases that both tests were measuring the same gastric function. There was 
complete agreement as to maximal free acid values, while volume was slightly but 
consistently higher during the basal test than during the night secretion study in 
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Fig. 3—Normal dog with esophageal fistula. The amounts of free hydrochloric acid in 
milliequivalents per hour produced by each test were as follows: basal, 0.18; insulin, 0.725; 
broth, 1.18, and histamine, 3.36. 


respect to volume per unit of time. They also reported that analysis of basal tests 
repeated one day to several weeks apart under similar conditions in the same patient 
showed undoubted comparative statistical validity in 108 cases with regard to 
volume, average free acid per hour and peak 10-min. free acid concentration, with 
rare deviations being noted. 

Although the data on dogs collected under the same conditions on different days 
are repeatable within satisfactory limits, there appears to be considerably more 
variation from day to day than is the case in man. It is thus desirable to repeat the 
studies one or more times, and in some animals data are averaged from as many 


as five or 10 separate runs in order to, obtain a more accurate picture of the 
secretory responses. 
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Figure 5 shows data for one such dog in which extreme variations were 
encountered. To compare data taken from a single preoperative and postoperative 
run in such an animal might lead to erroneous conclusions in the evaluation of a 
therapeutic procedure. This animal has not been properly trained or accustomed 
to the laboratory procedure, and there is obviously an undesirable psychogenic 
factor present which precludes its use for study until more uniform results are 
obtainable. Variations of similar magnitude are sometimes encountered in two 
different animals. It is our experience that individual dogs differ considerably in 
their secretory responses. Some animals are consistent “low secretors” and some 
are “high secretors.” It is obvious, therefore, that comparing data from two groups 
of dogs, one group serving as a control and the other furnishing data after an 
operative procedure, will lead to errors unless the secretory capacity of each group 
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Fig. 4.—Composite graph of free acid and pH on 39 normal dogs. Average of 144 basal, 
75 broth, 77 histamine and 30 insulin runs. The average amounts of free hydrochloric acid 
produced during the various tests were as follows: basal tests, 0.496 mEq. per hour; broth 
tests, 0.750 mEq. per hour; insulin, 1.1 mEq. per hour, and histamine, 2.94 mEq. per hour. 

In averaging the 10-min. free hydrochloric acid concentrations, which are linear functions, 
and the corresponding hydrogen ion concentration values, which are logarithmic functions, the 
mathematical relationships between the average acid and pH values are lost. The “average pH 
value” rather than the pH which corresponds to the average hydrogen ion concentration is 
given. This is the most accurate expression of the clinical effect of various operative procedures. 


of dogs is evaluated beforehand. It is desirable to use the same animal as its own 
control before subjecting it to an operative procedure and to assess the degree and 
consistency of its secretory responses to various stimuli before and after the 
maneuver by one or more repetitions of the test run. When successive trials yield 
figures within the same general range for each type of stimulus on a dog, the 
average of two or three runs is acceptable data. When successive trials show 
unexplained variations in the result, however, the averages are calculated from a 
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large number of runs on the same animal. When dealing with extensive resections 
or operations interfering with the normal process of eating or assimilation of food, 
we have found that dogs become debilitated and require daily infusions of isotonic 
sodium chloride solution and other supplementary intravenous feedings to keep 
them alive. It is our feeling that such emaciated animals are unsuitable for experi- 
mental evaluation because their secretory responses diminish to such an extent 
in the near terminal state that the data are invalid. Moreover, in view of the 
known exchange of water that takes place across the stomach wall,* we wonder 
whether intravenous infusions, especially those containing sodium chloride, when 
given in the morning before tests are run affect the quantity and content of gastric 
juice secreted. 
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Fig. 5.—Variation in secretory response in a normal dog (No. 113). These responses are an 
extreme example of the variations in free hydrochloric acid and pH which can occur on different 
days in an untrained animal. The amounts of free hydrochloric acid in milliequivalents per 
hour produced by each test of the “high” run were as follows: basal, 0.31; insulin, 0.56; broth, 
0.24, and histamine, 0.28. The corresponding values for the “low” run were basal, 0.05; ‘insulin, 
0.04; broth, 0.09, and histamine, 0.62. These variations illustrate the necessity for assessment 
of the degree and consistency of the secretory responses of an animal before the surgical 
maneuver by one or more repetitions of the test run. 


COMMENT 


This has been a “clinical” study, and we have made no attempt to collect 
absolute physiological data. We are concerned with the assessment of patients 
and animals with a view to the choice of the best operative procedure for peptic 
ulcer and the evaluation of therapeutic results. To our knowledge, no method of 
study exists, however complex, which controls all the variable factors involved in 
the gastric secretory mechanism. We have approached the problem with an aware- 
ness of the factors contributing to error when using the constant suction method. 
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Dye dilution techniques are designed to control the factor of loss through the 
pylorus. There exist, however, other sources of error not controlled by the 
dye test as developed by Schoen and Griswold.** Some of these sources cited 
recently by Brooks and others * are swallowing of saliva, regurgitation of duodenal 
contents, exchange of water across the stomach wall, inconstant rate of gastric 
emptying and difficulty of complete gastric aspiration. In view of these multiple 
sources of error it seems unlikely that control of the one factor of loss or gain 
through the pylorus adds sufficiently to the accuracy of the test to make the 
necessary elaborate set-up of the dye dilution technique worth while for routine use. 

From the point of view of clinical assessment as opposed to precise physio- 
logical analysis, it is perhaps not desirable to eliminate or control all these factors. 
Most operations for peptic ulcer are designed in part to utilize the factor of reflux 
of duodenal contents into the stomach. We are interested in the mixture of juices 
that bathe the site of an ulcer or the stoma of a gastrojejunostomy. The com- 


Comparison of Data Obtained on Esophageal Fistula and Pouch Dogs of Various Types 











Average Free 
Gastrie Clinical Aeid, 
No. Secre- Units mEq. 
of tions, Free per Average Type of 
Author Dogs Ce./Hr. Acid Hour pH Preparation Comment 
Karp * 3.4 Alkaline Esophagostomy and gas- Completely basal 
trie fistula 
Total pouch with Intestinal phase operating; 
esophagojejunostomy ; daily infusions isotonic 
intact vagus saline 
Pavlov pouch; intact All 3 phases operating 
vagus 
oes Total pouch; intact Fed throughout experi- 
vagus ment 


Shafer and Kittle* 49 1.3 


Woodward, Bigelow and 
Dragstedtt 


Woodward and others 7 


Authors’ series.. ‘ eee 0.496 4.4 Intact normal stomach Fasting; no intestinal 


phase; psychogenie phase 
minimized and standard- 
ized 


* Shafer, P. W., and Kittle, C. F.: Surgery 29:1, 1951. 
+ Woodward, E. R.; Bigelow, R. R., and Dragstedt, L. R.: Am. J. Physiol. 162:99, 1950 


position of this juice is the result of the interplay of multiple and variable chemical 
and neurogenic factors. It is this end product which is aspirated by the continuous 
suction method, and analysis of it gives information which we have found to be of 
clinical value if the data are interpreted with a knowledge of the factors at play. 
The accompanying table is a résumé of data taken from the literature and com- 
pared with our own basal runs. It can be seen that volumes collected through 
esophageal fistulas are approximately the same as those of Woodward and 
Dragstedt’s pouch dogs, in which no loss or gain from the pylorus or esophagus 
can occur. The fact that the average free acid in terms of clinical units and 
milliequivalents per hour in our dogs is much ljower than in pouch dogs can 
be explained by several possibilities. Neutralization by saliva and duodenal juice 
is probably the most important. Secondly, the dumping of unacidified food into 
the bowel of a pouch dog that is being fed during the collection period might cause 
the intestinal phase, admittedly present,’ to become abnormally active. The 


7. Woodward, E. R.; Harper, P. V.; Tovee, B. E., and Dragstedt, L. R.: Effect of 
Vagotomy on Gastric Secretion in Man and Experimental Animals, Arch. Surg. 59:1191 
(Dec.) 1949. 











242 A. M. A. ARCHIVES OF SURGERY 


intestinal phase is absent in fasting dogs with an esophageal fistula. The volume 
and acid levels in the authors’ series are much higher than those produced by 
Karp’s * completely basal dog, in which no duodenal reflux or ingestion of saliva 
could occur. These comparisons confirm the obvious facts that our animals are 
not completely basal in the physiologic sense and that loss through the pylorus is 
either negligible or compensated. The uniformity of the data, particularly in 
patients, makes it reasonable to assume, however, that duodenal reflux and ingestion 
of saliva are fairly constant factors and that our environmental conditions satisfac- 
torily minimize and standardize the physiologic neurogenic factor. 


SUMMARY AND CONCLUSIONS 

Gastric secretory data are presented on 39 unanesthetized dogs with esophageal 
fistulas and normal intact stomachs after physiological and potent neurogenic and 
chemical stimulation. 

The test routine described is sufficiently simple and practical for use in large 
numbers of patients or in animals for the assessment of gastric secretory responses 
and evaluation of the therapeutic results of operations for peptic ulcer. 

This routine is discussed in comparison with other techniques available for the 
study of human and animal secretory responses. 


8. Karp, D.: Note on the Intermittent and Continuous Secretion of Gastric Juice in the 
Dog, Gastroenterology 9:790, 1947. 





ANASTOMOSIS OF THE CERVICAL ESOPHAGUS: EXPERIMENTAL 
EVALUATION OF PERITONEAL GRAFTS 


Il. One-Layer Anastomosis 


IRVING CRAMER, M.D. 


UTICA, N. Y. 
AND 


LEROY J. KLEINSASSER, M.D. 
DALLAS, TEXAS 


N EXPERIMENTAL evaluation of the use of peritoneal grafts in anastomosis 

of the cervical esophagus was recently reported by us.' At that time a two- 

layer anastomosis was performed as recommended by Saint and Mann.* It was 

shown that a peritoneal graft used in such an anastomosis has no advantage over 

a well performed two-layer anastomosis without the employment of a graft. The 

present studies were undertaken to evaluate the use of peritoneal grafts covering 

a one-layer anastomosis compared with a one-layer anastomosis without the use 
of a graft. 

EXPERIMENTAL PROCEDURE 


A total of 35 mongrel dogs weighing 25 to 30 Ib. (11 to 13 kg.) were operated 


on under intravenous pentobarbital sodium (nembutal®) anesthesia. The operative 


procedure is the same as that previously described * except for the use of a one- 
layer anastomosis. An incision was made in the midline of the neck extending 
inferiorly for about 3 cm. from the cricoid cartilage. The strap muscles were 
separated, and the esophagus was exposed to the left of the trachea, the recurrent 
laryngeal nerve being freed and branches of the tracheoesophageal vessels tied. 
The esophagus was dissected free and lifted from its bed. The operative site was 
walled off with gauze sponges. A traction suture was inserted into the esophagus 
above and below the proposed site of anastomosis. The esophagus was then divided 
completely. It was noted that the cut ends retracted 2 to 3 cm. An end-to-end 


From the Department of Surgery, Veterans Administration Hospital and Southwestern 
Medical School of the University of Texas. 

Sponsored by the Veterans Administration and published with the approval of the Chief 
Medical Director. The statements and conclusions published by the authors are the result of 
their own study and do not necessarily reflect the opinion or policy of the Veterans 
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1. Kleinsasser, L. J.; Cramer, I., and Warshaw, H.: Anastomosis of the Cervical 
Esophagus; Experimental Evaluation of Peritoneal Grafts: I. Two-Layer Anastomosis, 
Surgery 28:438-442 (Aug.) 1950. 

2. Saint, J; H., and Mann, F. C.: Experimental Surgery of the Esophagus, Arch. Surg. 
18:2324-2338 (June) 1929. Saint, J. H.: Surgery of the Esophagus, Arch. Surg. 19:53-128 
(July) 1929. 
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anastomosis was performed, using simple interrupted No. 70 cotton sutures through 
all layers. Care was used to prevent strangulation of the tissues. The knots were 
tied on the outside. 

In 15 dogs a free peritoneal graft was taken from near the midline of the 
abdomen and placed around the esophagus, with serosa against the suture line. It 


Fig. 1—Method of measuring bursting pressure of suture line. Note the loss of elasticity 
of the esophageal wall at the suture line. There was no actual stricture, however. 


Results of Grafting 








Bursting Pressure (Mm. of Mercury) * 
No. of Days Elapsed Between 0 SO 
Operation and Time Killed With Graft Without Graft 
200, 120 5 
120, 150 60, 0 
50, 140 
150 
160 
260 + 
260 + 
10, 260 + 
260 + 
260 + 
190, 170 
260 + 
260 -+-, 260 +- 
260 + 
390 + * 


* Recorded on an improvised calibrated mercury manometer which registered a maximum of 390 mm. of 
mercury. 


was held in position by several interrupted No. 70 cotton sutures. The cervical 
fascia and strap muscles were repaired in layers with No. 70 cotton sutures. The 
same procedure, but omitting the peritoneal graft, was carried out in 15 animals, 
11 of which received 300,000 units of penicillin in oil daily for five days, the remain- 
ing four receiving no penicillin. Pressures were measured with a mercury 
sphygmomanometer which registered a maximum of 260 mm. of mercury (Fig. 1). 
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RESULTS (TABLE) 


Animals in which a graft was applied to the esophagus were killed at daily 
intervals for 12 days. It was noted that by the sixth day the bursting strength of 
the suture line was over 260 mm. of mercury (the limit of the baumonometer used ). 
They were then killed at three weeks and at six weeks. One anastomosis showed 
evidence of leak on the third day, the dog having dysphagia and swelling in the 
neck. The animal was killed on the sixth day and demonstrated a hole in the 
suture line with a walled-off fistula adjacent to it, felt to be due to a tight suture 
in the anastomosis. One animal, killed on the fifth day, showed no evidence of 
infection or fistula, but the bursting strength was only 20 mm. of mercury, imply- 
ing the presence of a weak point in the anastomosis. All the grafts were apparently 
viable. A third animal had blown out the suture line by attempting to swallow 


Fig. 2.—A, single-layer end-to-end anastomosis without graft, animal killed on the ninth 
postoperative day. B, single-layer end-to-end anastomosis with graft, animal killed on the 10th 
postoperative day. Note that graft has taken well. 


a large bolus of food. It was interesting to note, however, that the adjacent tissues 
walled off this defect so that the animal was in no apparent acute distress (third 
day). 

Among the 15 animals which underwent resection and anastomosis without graft, 
one dog had evidence of gross leak at the suture line when killed on the second 
postoperative day but no clinical evidence of unusual difficulty in swallowing. This 
series similarly demonstrated a gradual increase in strength of suture line as demon- 


strated by bursting strength. After the fifth postoperative day no edema was noted 
in the wound, and most of the bursting strengths were over 200 to 260 mm. 
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Within the first five days it seemed that those anastomoses with grafts had a 
greater average bursting strength, but after the fifth day there was no significant 
difference (see table). 

COMMENT 


In a previous evaluation of peritoneal grafts covering a two-layer anastomosis, 
it was concluded that application of the serous surface does not enhance the success 
of the anastomosis. It was felt that the two-layer anastomosis may have obviated 
the usefulness of the graft. Our present series of end-to-end anastomoses of the 
cervical esophagus would indicate again that a carefully performed anastomosis 
cannot be improved by addition of the graft. It appears from a study of the dis- 
tribution of bursting pressures that some measure of additional strength is provided 
in the first five days in those animals with graft, since the average pressure before 
rupture was 126 mm. of mercury with the graft and 87 mm. without the graft. 
These include one animal in each series that had a gross leak at the suture line. 
One of these was an animal that had swallowed a large bolus of meat and bone 
on the second postoperative day. The bone was found lodged at the suture line, 
with disruption at that point. 

Microscopic studies revealed formation of clot, with gradual increase in the 
numbers of fibroblasts and small vessels. The scar gradually increased in density. 
After the sixth day, on both gross and microscopic examination the scar was denser 
and less edematous. This was true both with and without graft. Reaction around 
the cotton su;ures persisted. The sutures themselves were gradually extruded. 
At 44 days they were not visible grossly. However, in the one 77-day experiment, 
one suture could be seen. 

The progress of healing followed the pattern reported many times before by 
Harvey * and others, with a gradual increase in the strength of the suture line. The 
one-layer anastomosis with interrupted No. 70 cotton sutures is apparently adequate 
for the cervical esophagus of the dog. Peritoneal graft provides no significant aid 
to healing. 

SUM MARY 


Transection of the cervical esophagus with one-layer end-to-end anastomosis 
was performed in 35 dogs. Twenty of the operations were done without graft, and 
in 15 the defect was covered by a free peritoneal graft. Animals were" killed at 
daily intervals and the bursting strength of the suture line of the anastomosis 
recorded. The addition of the free peritoneal graft to the one-layer end-to-end 
anastomosis of the cervical esophagus provides no significant protection for the 
suture line. 


3. Harvey, S. C.: The Healing of the Wound as a: Biological Phenomenon, Surgery 
25:5 (May) 1949, 
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LESIONS WHICH SIMULATE NEOPLASMS OF BONE 


IBEIRO,' who had previously reported a case of epidermoid cyst of the 
phalanges in 1942, has found that reviews of the literature did not include 
all the cases which had been published. Counting those cases which had been 
omitted in previous series, the number of published cases of this condition is now 
14. In his article Ribeiro reviews the many theories concerning the etiology of 
these cysts in bone and points out the various inconsistencies in each theory. He 
states that a wound severe enough to cause a fracture of the phalanx could produce 
a rupture of the tissue beneath the finger-nail even in the absence of an open skin 
wound. If the fragments of the fractured phalanx included a piece of such dermal 
tissue, growth of this would give origin to the epidermoid cyst. Such an explana- 
tion is satisfactory for three of the cases listed in the medical literature which 
were not accompanied with an open wound. It also explains the appearance of cysts 
in the distal phalanx only, as this is the one most closely related to the finger-nail 
and the surrounding tissue. Even when there is an open wound, it is more 
reasonable to assume that for reasons of proximity the portion of tissue located 
under the finger-nail would be the one forced by trauma beneath the fragments of 
the broken bone. 
Brachetto-Brian, Bado, and Cagnoli* report a case of secondary solitary amy- 
loid tumor of the trochanter of the left femur, with invasion of neighboring areas 


Dr. Meyerding is an emeritus member of the Section on Orthopedic Surgery, Mayo Clinic, 
and Drs. Bateman, Jackson, Golden, Scandalis, Sponsel, Tompkins, and Osterholm are Fellows 
in Orthopedic Surgery, Mayo Foundation. 


1. Ribeiro, E. B.: Etiologia da ciste epiderméid da falangeta, Rev. Assoc. paulista de med. 
27:322-325 (Oct.) 1945. 

2. Brachetto-Brian, D.; Bado, J. L., and Cagnoli, H.: Tumor amiloide solitario de los 
huesos sin amiloidosis generalizada, Arch. Soc. argent. anat. 7:182-208, 1945; Rev. Asoc. méd. 
argent. 60:927-936 (Nov.) 1946. 
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and pathologic fracture of the neck. The amyloid substance was deposited in a 
capillary angioma. The deposit of amyloid substance was effected in the periphery 
of capillary vessels. Histologic stages that lead to amyloidosis and the histologic 
mechanism of the formation of the perivascular cuffs are described. In a review of 
the literature, these authors have found six cases of solitary amyloid tumors of 
bones without generalized amyloidosis; theirs is the seventh case. From the view 
of development in a prior tumor, it is the fourth and is the first case reported in 
which a solitary amyloid tumor developed in a benign tumor. These authors com- 
ment on the technic of investigation of amyloid substance in such cases and discuss 
the relationship of solitary amyloid tumor of bone without generalized amyloidosis 
to so-called atypical amyloidosis, and they offer an explanation of the genesis of 
solitary amyloid tumors of bones without generalized amyloidosis. 

A number of new cases of eosinophilic granuloma have been reported in the 
literature since the last review. Cooley and Carlson * report 10 cases of eosinophilic 
granuloma and present eight in detail. Hoyer* reports a case of eosinophilic 
granuloma in the upper end of the femur of a boy 17 yr. old which was treated by 
curettage. Five months later a fracture occurred at the site of the lesion due to a 
minor injury. The fracture healed soundly in three months. A case of eosinophilic 
granuloma of the right frontal bone is reported by Weaver and Carter,’ and two 
cases of eosinophilic granuloma in bones of the head are reported by Silliphant and 
Hull.® In the case which Curtis and Cawley’ present an eosinophilic granuloma 
involved the right second rib and left ilium, with cutaneous manifestations in the 
scalp, axilla, vulva and mouth, in a girl 16 mo. old. The lesions in the bones as 
well as the cutaneous manifestations cleared after roentgen therapy. Loehr * reports 
a case of eosinophilic granuloma involving small bones of the hand, which is con- 
sidered to be the first instance of involvement of the hand or foot reported as yet. 
Leger, Ducroquet, Gauthier-Villars, and Tchekoff*® describe this condition and 
report the case of a boy in whom the upper diaphysis of the left femur was involved. 
The lesion was successfully treated by curettage, bone graft and postoperative 
irradiation. 

Weinstein, Francis, and Sprofkin *® report a case of eosinophilic granuloma 
involving the skull, mandible, ilium, lumbar vertebra and pubes. The accompanying 


3. Cooley, R. N., and Carlson, G. D.: Eosinophilic Granuloma of the Bone, Texas J. 
Med. 43:64-69 (June) 1947, 
4. Hoyer, A.: Eosinofilt granulom i bensystemet, Nord. med. 34:921-925 (April) 1947. 


5. Weaver, E. N., and Carter, J. R.: Eosinophilic Granuloma of the Bone, U. S. Nav. M. 
Bull. 47: 1066-1072 (Nov.-Dec.) 1947. 


6. Silliphant, W. M., and Hull, D. B.: Eosinophilic Granuloma of Bone, with Report of 
2 Cases, U. S. Nav. M. Bull. 47:1058-1066 (Nov.-Dec.) 1947. 

7. Curtis, A. C., and Cawley, E. P.: Eosinophilic Granuloma of Bone with Cutaneous 
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Report of a Case with Multiple Lesions of Bone and Pulmonary Infiltration, Arch. Int. Med. 
79:176-184 (Feb.) 1947. 
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pulmonary infiltration was considered a visceral manifestation of the disease, and 
in this consideration the authors cite the fundamental similarity of eosinophilic 
granuloma of bone to Hand-Schiiller-Christian’s disease and Letterer-Siwe’s dis- 
ease. The authors’ patient, a man 31 yr. old, complained of headache and low 
backache. Inquiry revealed that he had had a nonproductive cough for some months. 
Although no palpable swelling was present, tenderness over a lesion in the parietal 
bone and persistent mild leukocytosis with a 5% eosinophilia were noted. Biopsy 
of the parietal lesion revealed a whitish yellow tissue of the consistency of cream 
cheese. Microscopically, there was evidence of fibrosis, with an abundance of 


histiocytes and focal collections of eosinophils and scattered lymphocytes and plasma 


cells. With roentgen therapy all bone lesions, save that which had been curetted, 
showed rapid evidence of healing while the area of pulmonary infiltration dimin- 
ished in size. Although new lesions occurred in the ilium and mandible, the patient 
maintained his weight and vigor. 

Thannhauser "' states that eosinophilic granuloma of bone is not a disease entity 
but is a monosymptomatic form of Schiiller-Christian’s syndrome in the early stage. 
He advocates the name “eosinophilic xanthomatous granuloma” for both the local 
and the systemic disorder. He contends ‘'* that Jaffe and Lichtenstein did not 
describe a new disease but that similar cases had been previously described by 
Frazier in 1934 and by Thannhauser and Magendantz in 1938. To this Jaffe and 
Lichtenstein ‘* retort that the previous writers mentioned had not recognized the 
nature of eosinophilic granuloma. They state that eosinophilic granuloma, Letterer- 
Siwe’s disease and Schiiller-Christian’s disease apparently represent different 
phases of the same basic disorder but that a distinction must be made between 
eosinophilic granuloma, which is usually limited to a few bones and always runs 
a benign course, and Schiiller-Christian’s disease, which often proves fatal and in 
which pulmonary, cerebral, or other visceral lesions are often associated with the 
skeletal involvement. Lever '* reports a case of eosinophilic granuloma of the skin 
and reviews the literature concerning this rare disease. He raises the question of 
a possible inter-relationship of eosinophilic granuloma of skin, eosinophilic granu- 
loma of bone, and erythema elevatum diutinum, a rare skin disease. There is a 
similarity in the microscopic picture of eosinophilic granuloma of bone and that of 
eosinophilic granuloma of skin. In both the evolution appears similar in that either 
resolution or collagenization takes place. However, in the cases described as eosino- 
philic granuloma of the skin phagocytosis and foam cells have never been noted, 
and no connection with Letterer-Siwe’s disease or Hand-Schiiller-Christian’s 
disease is so far apparent. 


11. Thannhauser, S. J.: Eosinophilic Granuloma of Bone Synonymous with Schiiller- 
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Moore and Coley ** report four new cases of Gaucher’s disease involving bone 
and review 35 cases from the literature. These authors’ experience indicates that 
splenectomy does not influence the course of the bone lesions, nor does roentgen 
therapy. In one of their cases a pathologic fracture of the surgical neck of the 
humerus occurred, a heretofore unreported site of fracture. 

Although only 12 cases of solitary unicameral cysts of the os calcis had been 
reported in the literature previously, three cases have been added since the last 
review. In Verstandig’s '® case the patient complained of pain on standing and the 
roentgenographic findings were those of solitary cyst of the os calcis. Trivelli *® 
reports two cases of cyst of the os calcis, in both of which the presenting complaint 
was pain. Surgical treatment was employed in both cases. The cavity was cau- 
terized and the resulting defect filled with osteoperiosteal bone grafts from the tibia. 

Bogart and Imler '* emphasize the occurrence of comparatively mild cases of 
fibrous dysplasia of bone and present four cases. The diagnosis is best made by 
careful correlation of the roentgen and clinical findings with biopsy. 


NEOPLASMS OF BONE 


Osteoid Osteoma.—Sherman ** reviews 128 cases of osteoid osteoma from the 
literature and presents 30 additional cases. In one of her 30 cases the pubis was 
involved and in one an epiphysis. In another article '® she reports two cases in 
which lesions were near joints and osteoarthritic changes subsequently developed 
within the adjacent joint. In one case the lesion was in the hip of a girl 16 yr. 
old. The other patient was a boy 13 yr. old who had a lesion near the elbow. 
Ponseti and Barta *° report seven cases of osteoid osteoma, one of which is the 
first published report on this condition in a rib. In four patients treated by curet- 
tage or incomplete excision the tumors recurred, but in those patients whose lesions 
had been totally excised the tumors did not recur and the symptoms completely 
disappeared. Two cases of osteoid osteoma, in both of which complete relief fol- 
lowed surgical excision of the nidus, are reported by Sobel,** and two cases of 
osteoid osteoma occurring in the carpal navicular bone are reported by Wallace.” 
In one of the latter’s cases a portion of the bone was excised, and in the other the 
cavity was curetted and filled with chip grafts. 
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Chondromas and Osteochondromas.—Coley and Santoro** report 22 cases of 
central chondroma and eight cases of chondroblastoma (Codman’s epiphyseal chon- 
dromatous giant-cell tumor). Because of the difficulty of diagnosis and the good 
results of conservative surgery, biopsy and extirpation are recommended. Surgery 
for the accessible lesions is of paramount importance because of the possibility of 
malignant degeneration as demonstrated in this report. In two of the 22 cases of 
central chondromas the lesion recurred; in both reoperation was successful. 
Roentgen therapy may be successful in chondroblastoma, and it was used alone in 
three of the eight cases. It is not of value, however, in central chondroma. Divella ** 
reports an osteochondroma of the scapula, measuring about 5 cm. in diameter, 
which was treated by subtotal resection of the scapula. Ghormley and Flashman *° 
report the treatment of an osteochondroma of the scapula by scapulectomy. Symp- 
toms, which were of four years’ duration, consisted of steadily increasing pain 
limited to the base of the neck on the right side and down the right arm. At 
operation the lesion was found to involve the entire scapula and even to bulge from 
its medial aspect. Nineteen months after scapulectomy the patient was working 
daily as a merchant. 

[Ep. Note.—These tumors tend to occur unless they are thoroughly removed. 
Early diagnosis followed by complete excision offers the patient the best prognosis. 
The diagnosis of chondromas and osteochondromas requires a most careful analysis 
of clinical, roentgenologic and histopathologic findings. The examination of tissue 
obtained by needle biopsy may be misleading, because the same tumor may contain 
areas cf malignant tissue and areas of benign tissue. | 

Malignant Tumors; General Considerations.—Brailsford ** illustrates the many 
pitfalls attending the diagnosis and treatment of bone tumors and cites a group of 
instructive cases. He suggests that errors will be minimized by efforts to correlate 
clinical features and roentgenologic evidence, particularly that provided by serial 
roentgenograms. He warns of the many hazards attending interpretation of findings 
at biopsy and states that radical surgery is unjustifiable when performed only 
because of a histologic suggestion of malignancy without substantiation by roent- 
genologic and clinical evidence. His illustrative cases include cases of syphilis, 
metastatic carcinoma, neurotrophic joint, osteoblastoma, Baker’s cyst, several pri- 
mary malignant bone tumors and a single case in which the etiology was believed 
to have been abortive osteomyelitis although it was never absolutely established. 

Haggart and Shipp ** present three cases in which the error of an incomplete 
preoperative diagnostic survey is illustrated. They emphasize that every patient 
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who has unexplained pain referable to a bone must be thoroughly studied and the 
possibility of a malignant bone tumor kept in mind. Biopsy remains an important 
and reliable aid to exact diagnosis when an osseous lesion is suspected of being 
malignant. Jaffe ** discusses the pathologic, roentgenographic and clinical aspects 
of various bone tumors, including osteoid osteoma, giant-cell tumor, osteogenic 
sarcoma, fibrosarcoma, chondrosarcoma, Ewing’s sarcoma and multiple myeloma. 
He grades giant-cell tumors as 1, 2 and 3. Tumors of grade 3 are frankly malig- 
nant, and those of grade 2 show moderate atypism of the stromal cells, while those 
of grade 1 exhibit no appreciable atypism of stromal cells. Jaffe emphasizes the 
fact that when the so-called giant-cell tumor variants are separated from giant-cell 
tumors the latter are not to be taken lightly, since they often come to show aggres- 
sive qualities. He is of the opinion that the five-year survival of patients who have 
osteogenic sarcoma is less than 10% and that the higher recorded survival rates 
represent an inclusion of lesions other than osteogenic sarcoma. 

Meyerding *® emphasizes the importance of utilizing the services of chemists, 
biologists, pathologists and roentgenologists in arriving at an early diagnosis of 
primary malignant tumors of bone. He discusses the surgical treatment of (1) 
osteogenic sarcoma, (2) fibrosarcoma, (3) malignant hemangioendothelioma 
(Ewing’s tumor), (4) multiple myeloma and (5) malignant giant-cell sarcoma. 
In selecting the surgical procedure in the treatment of these conditions, it is of 
paramount importance to ascertain the proper diagnosis and the degree of malig- 
nancy as determined by microscopic examination of tissue obtained for biopsy by 
open operation. In osteogenic sarcoma, fibrosarcoma, and malignant giant-cell 
sarcoma, the degree of malignancy is an important factor in the decision to amputate 
or to perform local resection of the involved bone. Surgical treatment is of little 
avail in multiple myeloma. There is an increasing trend toward irradiation therapy 
of malignant hemangioendothelioma, but biopsy and surgical procedures are neces- 
sary and justifiable because of the importance of microscopic verification of the 
clinical and roentgenologic diagnosis. 

Coley °° discusses the treatment of choice in the various forms of primary tumors 
of bone. He observes that surgical treatment still remains the accepted mode of 
treatment and that roentgen rays and radium treatment have remained disappoint- 
ing except in a few instances of radiosensitive tumors. Haggart *' suggests that 
proved primary malignant tumors of the humerus without demonstrable metastasis 
are best treated by interscapulothoracic amputation. This operation is also indicated 
in selected cases as a palliative procedure. The technic is described, and five cases 
are reported in which this operation was used. 
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In a symposium on primary malignant bone tumors, Scarff ** admits the possi- 
bility of an etiologic relationship of a single episode of trauma to the development 
of sarcoma and hemangioendothelioma of bone. In the matter of diagnosis he 
considers the histology to be of primary importance but emphasizes that it should 
be related to clinical and roentgenologic features. He laments the indictment of 
biopsy and expresses the opinion that there is no accurate evidence to support the 
stand of the opponents of biopsy. He suggests that a rough palpation may be almost 


as dangerous as removing a specimen for biopsy. In agreement with the American 


Registry of Bone Sarcoma, he decries the minute subdivisions such as have been 
made in the classification of osteogenic sarcoma. These depend on the predomi- 
nance of one particular feature, and selected fields from various parts of any 
ordinary lesion would serve as typical examples of each subgroup. At the same 
time, he warns of oversimplification and pleads for the consideration of periosteal 
fibrosarcoma, medullary fibrosarcoma and a third tumor which he does not accu- 
rately identify other than that it simulates an odontoma as separate pathologic 
entities in cases of which the prognosis is totally different from that in cases of 
osteogenic sarcoma. 

Golding ** emphasizes the limits of roentgenologic diagnosis, particularly as to 
nomenclature and classification, and suggests that a long period of observation may 
be necessary to determine the real character of many of these tumors. He states 
that the great increase in vascularity demonstrable in osteogenic sarcoma by arteri- 
ography is a valuable aid to diagnosis but that unfortunately arteriography is not 
very practical. Cade ** advocates the utilization of radiotherapy for multiple 
myeloma, Ewing’s tumor and in certain cases of osteoclastoma. He is joined by 
Adams ** in a plea for a wider trial of radiotherapy either exclusively or pre- 
operatively in combination with surgical procedures in the treatment of radio- 
sensitive osteogenic sarcoma. 

| Ep, Note.—Past experience in roentgen therapy of osteogenic sarcoma has not 
shown any great promise, but improved methods of administration may lead to 
greater success. | 

Shallow and Wagner ** present a critical analysis of 71 cases of primary sar- 
comas of bone encountered in the Jefferson Medical College Hospital during a 
period of 25 yr. Thirty-five of the cases were cases of osteogenic sarcoma, 12 of 
multiple myeloma, 11 of chondrosarcoma, 8 of Ewing’s tumor, 3 of fibrosarcoma 
and 1 each of liposarcoma and adamantinoma. The authors noted the best prognosis 
in their cases of fibrosarcoma and chondrosarcoma, the next best in osteogenic 
sarcoma and Ewing’s tumor, and uniform fatality in cases of multiple myeloma. 
As a whole, the results of treatment of primary sarcoma of bone were disappointing 
and prompt radical surgery offered the best hope. Woodard and Coley “ studied 
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69 patients who had bone neoplasms. They list the tissue dosage in roentgen rays 
usually required to inactivate or devitalize bone tumors and prevent regeneration 
of bone. 

Cadenat and Monsaingeon ** report four cases of primary and four of secondary 
malignant tumors of the ilium. The initial signs of the lesion were varied and 
sometimes rather unobtrusive. The authors emphasize the necessity of using a 
combination of clinical examination, blood studies, roentgenograms, and biopsy. One 
investigative method alone is never sufficient. Sometimes more than one biopsy is 
necessary to establish the diagnosis. Although the prognosis is frequently poor, 
these authors state that treatment will be more efficacious if the diagnosis is made 
early. Coley ** stresses the importance of trauma as an etiologic factor in the 
formation of malignant tumors of bone from a medicolegal standpoint. He states 
the controversies and stresses the importance of certain facts when taking the 
history of a patient who may have a sarcoma. He observes that the following data 
should be recorded: (1) date of injury; (2) nature and mechanism of the injury ; 
(3) site of injury; (4) subsequent manifestations of injury (for example, swelling, 
tenderness or disability) ; (5) period following injury that these symptoms persisted, 
and (6) interval between subsidence of symptoms and signs of injury and the first 
signs of tumor. The availability of roentgenograms made at the time of injury is 
also important. Trauma is more likely to produce a benign giant-cell tumor of bone 
than other bone tumors. Injury may play a part in causing osteochondroma to 
become a chondrosarcoma, but some of these tumors show the same transition 
without trauma. The author feels that the role of a single injury has been over- 
emphasized. Gricouroff ** was able to produce sarcoma at the site of repeated 
fractures. It had been shown previously that mesothorium bromide or chloride 
administered intravenously to rabbits over a period of time would lead to the 
development of a sarcoma in various locations of the skeleton. The author attempted 
to localize the site of the experimentally produced tumor in a predetermined bone by 
repeated fractures. He used eight rabbits for his experiment, and only one tumor 
developed. This tumor appeared 12 months after the start of the experiment and 
five months after the last fracture. Histologically, it was a fibrosarcoma with fusi- 
form cells of the periosteal type, destroying the bone and infiltrating the soft tissues. 
It revealed itself by causing a spontaneous fracture at the junction of the middle 
and upper thirds of the radius and ulna, the site of the previous repeated fractures. 


He concludes that the repeated fractures maintain a center of proliferating cells 
which predisposes to the neoplastic change when under the influence of diffuse 
mesothorium radiation of the skeleton. 


Platt ** reports a group of 18 sarcomas which had occurred in abnormal bones. 
In 10 of these cases the sarcoma followed Paget’s disease. Most of the patients died 
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within a year. In two cases the sarcoma arose from dystrophic bone cysts, a rare 
phenomenon. One patient, whose pelvis was involved, died in two years; but the 
other, whose humerus was involved, was still alive nine years after disarticulation 
of the arm. In six cases malignant change supervened in osteochondromas which 
were previously benign. The author agrees with others that the rapid growth and 
large size did not necessarily signify histologic malignant changes in an osteo- 
chondroma. Three of these patients had survived for five years. 

Schajowicz and Alarcon ** present a case of sarcoma developing at the site of 
Paget’s disease and emphasize the tendency to sarcomatous transformation in this 
condition. Because this transformation is exhibited with such preponderance in the 
male sex, the authors are inclined to accept, with certain reservations, an endocrine 
influence and therefore to attempt a hormone treatment (10,000 units of folliculin 
in daily injections). Ferracani, Martinitto and de la Vega*® report a case of a 
woman, 73 yr. old, in whom two tumors of the thigh developed. When excised, 
the upper tumor was found to be an osteochondroma, whereas the lower one was 
a chondrosarcoma. 

Osteogenic Sarcoma.—Platt “* analyzes 161 cases of sarcoma which he had 
treated, with the following results: Twenty-three patients survived five years, 49 
less than two years and 56 two years but less than five years. Thirty-three patients 
had inaccessible tumors, and the survival rate for these patients is not given. The 
author states that surgical eradication of accessible tumors is the treatment of 
choice. The value of toxins and roentgen rays after operation is unknown, but they 
should not be withheld if circumstances permit their systematic use. Comparison 
of the cases of long survival with those of short survival failed to reveal any signif- 
icant factors for determining the prognosis of the sarcoma. [Ed. Note-—The 
authors did not analyze the cases on the basis of degree of malignancy.] Wilson * 
reports a case of osteogenic sarcoma involving the proximal portion of the humerus 
for which an interscapulothoracic amputation was carried out. The author’s personal 
communication revealed that the patient has remained well five years and seven 
months after operation. 

Cahan, Woodard, Higinbotham, Stewart, and Coley ** review the literature 
dealing with sarcoma arising in irradiated bone and present 11 additional cases. In 
five of these the sarcoma arose in microscopically proved benign lesions which were 
treated by irradiation. In four it arose in lesions with roentgenologic evidence of 
benign character which had been treated by irradiation. In the remaining two 
cases it arose in normal bone underlying soft tissue lesions which were treated with 


roentgen rays. The authors state that this is an uncommon sequel of irradiation. 
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However, it probably occurs oftener than is recognized, and it is likely to become 
increasingly rare as use of roentgen therapy is restricted to malignant neoplasms. 

In Hartz’s ** case a highly malignant-appearing osteogenic sarcoma of the tibia, 
treated by amputation in the thigh, showed no recurrence six years and four months 
after operation. Palumbo*> reports his experience with hemipelvectomy in a case 
of osteogenic sarcoma of the ilium. An accurate anatomic diagnosis by removal of 
a specimen for biopsy, by aspiration or at open operation is of great importance. 
He advises a complete investigation to eliminate the possibility of local involvement 
of the pelvic parietes or distant metastasis. The operative mortality rate for this 
procedure has been reduced in the last 11 years from 60% in the first 79 cases 
to 14%. 

[Ep. Nore.—<Accurate diagnosis of osteogenic sarcoma requires open operation 
and the removal of sufficient tissue to permit adequate histopathologic study. Grad- 
ing of the degree of malignancy offers a valuable addition to the classification of all 
malignant tumors and has a distinct bearing on the treatment and prognosis. } 

Giant-Cell Tumors.—Aegerter **° discusses the question of the nature of the 
giant-cell tumor and its proper place in the classification of the disorders of bone ; he 
bases his opinion on a review of 111 cases of osseous and tendinous lesions, includ- 
ing four of giant-cell tumors of bone. He finds that the principal histologic dif- 
ferential diagnoses are giant-cell tumor of tendons, osteogenic sarcoma, fibrous 
dysplasia, hyperparathyroidism, solitary unicameral cyst, osteitis deformans, osteoid 
osteoma, reticuloendothelioma, nonosteogenic fibroma and ossifying fibroma. He 
considers that the giant cells found in a number of different bone lesions are identical 
or generally related cells produced for the purpose of phagocytosis and that they 
should not be used for the purpose of distinguishing a giant-cell tumor of bone. He 
concludes that the histologic diagnosis of giant-cell tumors of bone should not be 
made unless the fibrous matrix cells are definitely neoplastic, and he suggests that 
it may become possible to classify giant-cell tumors among fibromas of bone as giant- 
cell fibroma, nonosteogenic fibroma and ossifying fibroma. 

Bogart and Imler *? present three cases of giant-cell tumor of the vertebrae and 
one of giant-cell tumor of the tibia treated by irradiation. They state that when the 
tumor is proved to be malignant it should be removed surgically but that those 
tumors which do not appear clinically, microscopically and roentgenographically 
malignant may be treated either by conservative surgical procedures or by irradiation. 
Those lesions which cannot readily be approached surgically are preferably treated 
by irradiation. Irradiation of benign giant-cell tumors of the vertebra produces 
calcification, which lends support to the involved areas and results in an earlier cure. 
Bogart and Imler do not consider that it is necessary to combine operation and 
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irradiation in most cases. For clinical purposes giant-cell tumor variants are con- 
sidered as giant-cell tumors. They are usually successfully treated by irradiation. 
In cases in which surgical treatment is employed and the tumors recur, irradiation 
does not usually produce a satisfactory response and surgical treatment should be 
employed again. 

In the Massachusetts General Hospital ** clinicopathological conferences, a case 
of a woman 19 yr. old whose coccyx and lower segment of the sacrum were the site of 


a probable giant-cell tumor was presented. The case is of interest because of the 


location of the lesion and the difficulty in the differential diagnosis (pathologic) 


between giant-cell tumor and fibrous dysplasia. Lantzounis *° reports a case of 
giant-cell tumor of the right patella with pathologic fracture in a man 32 yr. old. 
Excision of the patella gave good clinical results without any recurrence in two 
years. In Hallock’s *° case the giant-cell tumor arose in the second cervical vertebra 
in a man 34 yr. old. In nine years it grew to include the second through the fifth 
cervical vertebra despite roentgen therapy. Latest roentgenograms indicated some 
reparative change. This case is remarkable because of a truly surprising absence 
of neurologic manifestations, apparently due to the constant use of a brace and the 
presence of sufficient framework to prevent collapse. 

In Hodgen and Frantz’s*' case a benign giant-cell tumor occurred in the 
diathesis of the tibia of a girl 15 yr. old. The microscopic picture differed from the 
accepted appearance of benign giant-cell tumor of bone in that the giant cells were 
not so conspicuous and the intervening stroma and spindle cells showed a marked 
tendency to form keratin. There were a few areas of osteoid formation with early 
calcification suggesting regeneration of bone. The authors summarize eight cases 
of so-called subperiosteal giant-cell tumors reported in the literature. 

Brachetto-Brian ** supports the mesenchymal origin of myeloplax in giant-cell 
tumors. He presents the morphologic arguments for myeloplax as a cell with a 
perfectly closed developmental cycle, every giant cell of this category being designed 
to age and die without offspring. He states that this theory explains the benignity 
of this type of blastoma. 

Schumann and Finsterbusch ** carefully studied 32 cases of benign giant-cell 
tumor of bone. In 57 per cent of the cases, a fracture had led to the diagnosis of the 
lesion. As the roentgen findings are not pathognomonic, other elements such as 
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the clinical examination, the Wassermann test and finally biopsy at the site of the 
lesion were necessary to establish the diagnosis. There were no cases of malignant 
transformation. Trauma was considered to be the etiologic agent. The most fre- 
quent locations were the upper part of the arm, the lower portion of the radius, and 
the upper part of the lower extremity, as well as the upper part of the tibia and 
fibula. Since spontaneous healing is rare and the danger of fractures is great, 
operative treatment is indicated. They advocate curettage of the lesion if at all 
possible, but in extensive lesions it is sometimes necessary to resect a portion of the 
bone. The authors state that the empty cavity can be filled with bone or with 
foreign bodies such as plaster, cod liver oil or gelatin. In four of eight cases in 
which the lesion was located near the epiphysis and operation was performed, the 
tumor recurred. In the 13 cases of metaphyseal and cortical tumors in which 
operation was performed, there were seven recurrences. After five reoperations 
there were three more recurrences. The authors presented two cases demonstrating 
possible spontaneous cure as a result of fracture and three other cases in which 
fracture was not followed by spontaneous healing. They conclude that curettage 
with or without filling of the cavity does not always cure extensive lesions. In 
these cases, as well as in cases in which the lesion has recurred, resection is neces- 
sary. By this procedure mutilating operations may be avoided. 

Petracchi ** reports two cases of bony lesions in the region of the trochanter, one 
of which was a plasma-cell myeloma on biopsy and the other an aggressive type of 
myeloplax tumor. Puente Duany * describes a “myeloplastic” tumor in which the 
histologic structure showed no signs of malignant changes but which nevertheless 
behaved like a malignant tumor in that it invaded the pelvic cavity and bones and 
the soft tissue of the sacral, gluteal and prostatic regions. He states that it differed 
from the malignant giant-cell tumors described to date in the following respects: 1. 
It simultaneously affected the bones and soft tissue. 2. Its disseminated lesions 
were of a diffuse type. 3. It did not metastasize to the lungs. The tumor was of 
slow evolution (10 yr.). Its invasive nature was responsible for blocking off the 
lymphatic drainage and for compression of the iliac vein and its tributaries, which 
is not usual in benign tumors. Roentgen therapy had to be increased to 9,000 r to 
effect complete disappearance of the tumor. 

{Ep. Nore.—Treatment of giant-cell tumors depends on the type, size and cor- 
rect diagnosis of the lesion. The roentgenographic diagnosis should be confirmed 
by pathologic study, as the so-called clinical and roentgenologic features sometimes 
prove untrustworthy. The giant-cell lesions of bone have been classed by one of the 
editors (Meyerding) as benign giant-cell tumors and malignant giant-cell sarcomas, 
the latter group being divided into primary malignant giant-cell sarcomas and 
secondary malignant giant-cell sarcomas. If these terms are adhered to, there will 


be less confusion concerning the diagnosis, prognosis and proper treatment of the 
patients. | 
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Periosteal Fibrosarcoma.—From the Massachusetts General Hospital °° is 
reported a case of periosteal fibrosarcoma of the mandible in a girl 17 yr. old for 


which radical resection was performed. 


Vascular Neoplasms of Bone—Foster and Heublein * report a case of epidural 
hemangioma associated with vertebral hemangioma and compression myelopathy. 
Roentgen therapy was employed, and the patient made an excellent recovery. The 
authors recommend roentgen therapy as the treatment of choice in such cases, in 
view of the operative dangers of decompressive laminectomy. Three cases of 
hemangioma of the spinal column are presented by Katzenstein-Sutro.** In the 
first case typical pain on percussion of the affected vertebra as well as a segmental 
sensory disturbance was noted. Necropsy confirmed the diagnosis of hemangioma 
of the third thoracic vertebra. In the second case symptoms of localized tenderness 
and segmental sensory disturbances were present also. In the third case girdle 
pains and paresthesia of the limbs were followed by symptoms of a transverse 
myelitis. In cases of indeterminate pain in the back roentgenograms may provide 
the diagnosis of vertebral hemangioma. Roentgen therapy is the treatment of 
choice. Laminectomy may relieve symptoms of compression myelitis, but increased 
bleeding adds to the difficulty and hazard of operation. 

Bickel and Broders ** report primary lymphangioma in a girl 5 yr. of age. The 
diagnosis was confirmed by biopsy. Although the tumor was painless, the patient 
had limped for one and a half years. Progressive osteolysis of the left innominate 
bone and even of the contiguous vertebrae was recorded by a series of roentgeno- 
grams, the first of which was taken coincident with the onset of the painless limp and 
the last about three years after biopsy and a course of roentgen therapy. The 
roentgen therapy apparently was not beneficial. Deformity progressed, with the 
ilium telescoping into the pelvic viscera, in spite of efforts to control it with traction. 
At the age of 8 yr., the child was attending school in a wheelchair. The authors, 
citing the lack of accurate knowledge relative to intraosseous lymphatics, suggest 
that a tumor may originate either from the lymphatic capillaries of the periosteum or 
conceivably from the intraosseous lymphatic capillaries per se. They hold it to be 
unlikely that the tumor arose from the soft tissue around the bone. 


60 


Lichtenstein and Jaffe °° review 17 cases of Ewing’s sarcoma, four of which came 
to necropsy. They discuss the clinical manifestations and state that the presence of 
hyperthermia, secondary anemia and leukocytosis appeared to portend a poor 
prognosis. Typical roentgenographic characteristics were lacking. Anatomic 
examination of a single bone or of a skeleton revealed more extensive involvement 


than was suggested by either the clinical or the roentgenologic examinations. At 
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necropsy much of the skeleton may be found to be involved from multicentricity or 


metastasis. Visceral metastasis was demonstrated in the lung, liver, heart, spleen, 


kidney, pancreas and thyroid. However, in some cases the lung may be free of 
metastatic lesions. Neoplastic lymphadenopathy was noted in only a single case, and 
this was believed to have resulted from direct extension. 

The osseous lesions often invaded the surrounding soft tissues to form extra- 
osseous, soft, friable, hemorrhagic, cystic, and, in many places, almost confluent 
tumor masses. Cytologic evidence suggested that Ewing’s sarcoma arises from 
reticular tissue of the marrow spaces rather than in the periosteum or in the Haver- 
sian system of spaces of the cortex. The authors state that evidence supporting its 
origin from capillary, vascular or perivascular endothelium is lacking. Perithelial 
cellular orientation when encountered in tumor areas which have been heavily 
invaded by blood vessels was not considered to be a characteristic cytologic feature 
of the neoplasm. Rosette and pseudorosette formations were found to result from 
degeneration of the cells centrally located in these aggregates. The typical cell 
had an ill-defined border, scant cytoplasm and a fairly large round or oval nucleus 
housing scattered chromatin. Secondary changes of the neoplastic tissue even 
under the opportune circumstances of biopsy make accurate identity difficult. The 
relationship of primary reticulum-cell sarcoma of bone to Ewing’s sarcoma has not 
been clearly defined. Since radiation therapy alone does not effect a cure even in 
favorable circumstances, a plea is made for its combination with amputation when- 
ever this is practicable. However, the authors add that “even in the most favorable 
circumstances the prognosis of Ewing’s tumor is as yet very bad.” 

[Ep. Note.—It has been our experience that in some cases Ewing’s tumors 
have responded to surgical treatment while in other cases they have not. Roentgen 
treatments have been employed with variable results and sometimes have resulted 
incure. We believe that in tumors diagnosed as Ewing’s sarcoma there are varieties 
which respond differently. Therapeutic tests by irradiation, therefore, may be less 
reliable than has heretofore been thought. | 

Heublein, Moolten and Bell report experience with 10 cases of Ewing’s tumor 
of bone in an Army General Hospital. They consider that the response of the 
tumor to roentgen therapy is a useful adjunct in making the diagnosis. Two cases 
of Ewing’s tumor were presented in the weekly clinical pathologic exercises at the 
Massachusetts General Hospital."* In one the fibula was involved and in the other 
the left seventh rib and the proximal phalanx of the right fourth toe of a woman 30 
yr. old. The lesion in the toe was considered metastastic from the rib. 

Metastatic Bone Tumors.—MacCarty * reported on 29 patients who had osseous 
metastastic lesions from carcinoma of the prostate gland (among 67 patients who 
were treated for carcinoma of the prostate). Orchiectomy, administration of stil- 
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bestrol, or orchiectomy plus stilbestrol therapy was employed. Of the group as a 
whole (67 patients) about a third were improved, a third unaffected, and a third 
not followed. Changes in the roentgenographic appearance of osseous metastatic 
lesions under therapy are described. In some patients the metastatic lesions 
improved or even disappeared. In some there was no change, and in some they 
progressed or metastatic lesions appeared after estrogenic therapy had been insti- 
tuted. Wattenberg °** demonstrated that orchiectomy and the administration of 
diethylstilbestrol may cause regression of primary prostatic carcinoma. Biopsy of 
the metastatic lesion in the pubic bone showed not only changes in the carcinoma 
cells but also hyperossification about the regressed tumor. Fourteen female patients 
suffering from carcinoma of the breast with osseous metastasis were treated with 
testosterone propionate by Herrmann, Adair and Woodard.** Of these patients 
eight had symptomatic improvement and six exhibited roentgenographic evidence 
of calcification in the region of the metastatic lesion. There was a rise in the serum 
alkaline phosphatase in eight patients. 

|Ep. Nore.—It is hoped that the continued studies in regard to treatment of 
malignant lesions with biologic drugs will lead to developments that may some day 
give us an added weapon in the treatment of primary malignant tumors of bones. | 

Morel ** studied the bone marrow in cases of metastatic lesions and observed 
medullary reactions before the hematopoietic organs were invaded by cancer cells. 
3efore there is any clinical or roentgenologic sign of metastasis there occurs a 
microscopic dispersion of cancer cells throughout the whole organism. It is against 
this microscopic dispersion that the yellow bone marrow reacts with a hyperplasia of 
defense. This stage seems to last fairly long and may precede the clinical develop- 
ment of metastatic lesions by a few years. Before the yellow bone marrow is invaded 
by cancer cells, a hyperplastic reaction of the yellow bone marrow involving plasma- 
cytes, megakaryocytes, the eosinophilic series, and the erythroblastic series appears. 
The author is of the opinion that the study of the bone marrow can be a valuable aid 
in the diagnosis of cancer in certain cases, especially when the clinical and roent- 
genologic evidence is doubtful. 

Marchal and Mallet * have studied the bone marrow in 222 cases of known or 
suspected metastasis to bone since 1939 and have obtained 57 positive “osteomyelo- 


grams.” The site of the lesion to be removed for biopsy is usually determined by the 
roentgenographic appearance of the bone. However, the osteolytic area need not be 


pronounced. The sternum is the site of choice. The authors use a combination of 
the aspiration and direct smear method and the histologic section method, using 
pieces of marrow which have been obtained with the needle. It is often difficult 
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to say where the cancer originated because the cancer cells become modified in the 
marrow. The marrow seems to defend itself better against carcinoma cells than 
other tissues, as the latency of metastatic growth proves. The bone marrow which 
has been invaded can react in several ways: (1) it may become hyperplastic; (2) 
there may be destruction or fibrosis with rare neoplastic cells; or (3) there may be 
complete invasion by neoplastic tissue. The authors state that more positive results 
will be obtained as their method is used more and as the cancer cells become better 
recognized and that cytologic investigation will result in the diagnosis of metastatic 
lesions in bone at a much earlier stage and in certain cases will give the only indi- 
cation of hidden cancer. 

Nalle,** in an analysis of 58 cases of renal neoplasms, found metastasis to the 
bones in 19 per cent of the cases, chiefly to the vertebrae and ribs. He reports a case 
in which pulsating masses were described in both the left inguinal and the left 
shoulder regions. An arteriovenous aneurysm was considered, but the correct 
diagnosis proved to be multiple pulsating metastatic lesions to the iliac bone and 
the left clavicle from a malignant hypernephroma of the left kidney. Rowen 
presents a case of metastasis from retinoblastoma to the skull and long bones. The 
roentgenographic appearance of the metastatic lesion to the elbow was indistinguish- 
able from that of an osteogenic sarcoma. 

Among a total of 24 cases of adenocarcinoma (malignant adenoma) of the 
thyroid gland, Outerbridge *° found five of skeletal metastasis. The metastatic 
lesions were causing the presenting symptoms in four of the five cases. They were 
superficially situated and palpable in thre: instances and were pulsatile in two. 
Roentgenographically, the metastatic lesions tended tu show expansive growth and 
erosion of cortical bone in a fashion resembling osteolytic sarcoma or giant-cell 
tumor. Biopsy in three of the four metastatic lesions so examined showed what 
appeared to be benign thyroid tissue. In only one case did the histologic features 
suggest a malignant process. The primary thyroid lesion was usually a well- 
encapsulated adenoma with histologic evidence of malignant changes. For treat- 
ment, the author advises early excision of primary lesions and also of the metastatic 
lesions when technically possible, especially when the metastatic lesion is solitary. 
When excision is impossible, roentgen treatment may be employed. In four of the 
author’s cases good results had lasted as long as four years from the time of treat- 
ment. 

Miscellaneous Lesions—Sherman and Snyder present 17 cases of primary 
reticulum-cell sarcoma of bone and describe the roentgenographic features of this 
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condition. They report that it presents constant features of involvement of a single 
bone, medullary origin, ill-defined borders and destruction of cortical bone. The 
tumor seems to be extremely radiosensitive and exhibits characteristic changes fol- 
lowing roentgen therapy. The prognosis is relatively good. Burman ™ presents a 


case of previously undescribed benign soft tissue tumor arising from the outer layer 


of the periosteum of the femur in a girl 8 yr. old, who had complained of pain for one 


year, associated with considerable disability. An oval yellow-white circumscribed 
tumor measuring % by 1 in. (1.3 to 2.5 cm.) was completely excised from the 
periosteum of the femur. Microscopic examination of the tumor disclosed its 
cellular nature. Clouded polyhedral cells with clear cytoplasm constituted a promi- 
nent feature. The patient was asymptomatic 14 mo. after operation. 

A case of periosteal lipoma attached to the left femur with a single firm pedicle 
on the lesser trochanter is presented by Ayerza and Varalla.** This is the ninth 
case described in the Argentine literature, and it occurred in a man, aged 49 yr., 
who traced the beginning of symptoms to a fall from a horse. The authors, however, 
state that the tumor must have existed, hidden and painless, before becoming 
apparent and painful after the injury. There had been repeated trauma and irrita- 
tive processes directly on the site of the tumor’s insertion, due to the nature of the 
patient’s work (not specified). It is felt by the authors that the repeated traumatic 
antecedents must have had a part in the etiology of this tumor. 

A case of adamantinoma of the tibia of eight years’ duration in a girl, 16 yr. old, 
is presented by Meffley and Northup.** The authors express the opinion that early 
recognition and adequate local excision should cure this condition without amputa- 
tion. Chordoma;of the third lumbar vertebra in a man 59 yr. old who had had pain 
in the back of 10-yr. duration was presented at another of the Massachusetts General 
Hospital ** clinicopathologic conferences. Physical examination revealed marked 
limitation of motion of the back. Roentgenograms of the spinal column showed 
compression fracture of the third lumbar vertebra, with slight spondylolisthesis of 
the fifth lumbar vertebra. Biopsy demonstrated a chordoma of the third lumbar 
vertebra. 

TUMORS OF SOFT TISSUES 

Woll and Vickery *® report a case of primary fibrosarcoma of the heart with a 
solitary metastatic lesion involving the upper thoracic vertebrae. The primary 
tumor in the left atrium partially occluded the mitral valve and finally led to death 
due to pulmonary congestion. In another case from the Massachusetts General 
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Hospital “* clinicopathologic conference a soft tissue tumor of the axilla in a woman 
47 yr. old was treated by local excision, including resection of the lower half of the 
scapula, and found to be a fibromyxosarcoma. Roth ** reports a case in which a 
multilobulated, roughly dumbbell-shaped fibrosarcoma measuring about 10 by 10 
by 4 cm. was removed from the soft tissue around the distal third of the clavicle of a 
housewife 42 yr. old. For two years the symptoms had resembled those of bursitis 
or periarthritis and treatment had been appropriate for this condition. Review of 
the roentgenograms, however, showed evidence suggestive of a tumor in those taken 
only three months after the onset of symptoms, 

Tumors of the Synovial Membrane and Tendon.—Bennett ™ reports 32 cases of 
malignant neoplasms originating in synovial tissues (“synovioma,” “synovial sar- 
coma,” “synovial sarcomesothelioma,” “synovial sarcoendothelioma” and “can- 
cerous synovial tumor”). Differentiation of tumor-like hyperplasias (“vilonodular 
synovitis”) and benign neoplasms (giant-cell and xanthomatous tumors of tendons 
and joint) may be facilitated by microscopic examination of numerous blocks of 
tissue from a single synovial lesion. The source of much of the material, the armed 
services of World War II, may disproportionately influence the dominance of males 
and the peak incidence at 25 to 35 yr. of age within the series. The highest number 
of lesions occurred in the thigh and about the knee. Seldom do these tumors lie 
within the joint cavities; often they lie adjacent to tendon sheaths or the bursal 
pouches of joint capsules. Indeed, in lesions remote from synovial structures, a 
failure to demonstrate proximity to the synovia may contribute to a mistaken 
diagnosis prior to biopsy. In view of the widespread distribution of synovial tissue 
and its origin from mesenchymal tissue, this mistake is understandable. The dura- 
tion of tumors varied from one month to six years. Local trauma of a definite 
nature was recorded in only five of the 32 cases. Synovial sarcomas are variable in 
size, texture and appearance. Usually sharply circumscribed, they typically are 
confined in a pseudocapsule which at one or more points is violated by a firm 
attachment of the tumor to the synovial structure. The texture and elasticity of the 
surrounding tissues influence the nodularity of the tumors. Though some are firm, 
the lesion is characteristically soft, spongy and friable. In cross section, pinkish 
gray areas may be interspersed with yellow areas of necrosis or hemorrhagic areas, 
red or brown according to whether they are recent or old. Aggregates of calcification 
may occasionally be apparent. Microscopically three basic patterns were identified. 
The first was characterized by the formation of tissue spaces varying from slitlike 
clefts to well-defined glandlike spaces and containing serous or mucinous fluid. The 
second was characterized by formation of cell tufts, varying from compact groups 
of oval or polygonal cells to papillary projections extending into the clefts. The 
third and most typical was characterized by the formation of epithelial-like cells 
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on a supporting stroma of compact tissue, formed of elongated cells with small dark 
nuclei. The perfection with which these patterns develop varied within wide limits. 
Mitotic figures, though common, were not believed to be a reliable index of the 
degree of malignancy. The metastatic lesions reproduced the cellular and structural 
features of the primary lesion. Local excision, sometimes multiple or followed by 
amputation, was the commonest treatment. Reports of follow-up study concurred 
with the earlier reports of the high mortality of this lesion. 

Miller *° reports a case of fibroma of the knee capsule in a girl, 10 yr. old, which 
developed two years after fracture of the femur. In spite of repeated incomplete 
attempts at removal, the tumor grew to the size of two fists in the course of three 
years. Finally amputation at the junction of the middle and lower third of the 
femur was made necessary by pressure on nerves and vessels in the popliteal space, 
with resulting disturbances in nutrition of the leg and foot. This was a histologically 
benign tumor, and the question is discussed as to whether it was a true fibroma or 
a so-called connective tissue callus tumor. A review of the literature uncovered no 
other case in which there was such a striking difference between clinical course and 
histologic findings. 


Ferrandu *' presents a histologic and clinical study of three cases of solitary 


xanthoma of the synovial membrane about joints. Two involved the elbow joint, 
and one involved the left temporomandibular joint. The author reviews the litera- 
ture and concludes that a solitary xanthoma of the synovial membrane of joints may 
be considered as a benign mesodermic tumor which grows rapidly and occasionally 
assumes inflammatory features. Marsden “* reports a case of intra-articular xan- 
thoma attached to the synovial membrane of the knee in a man 19 yr. old who 
complained of repeated locking. Friedman “* reports two cases of bilateral xanthoma 
of the Achilles tendon. He states that xanthomas are primarily the result of a local 
cellular disturbance of cholesterol metabolism. Foster ** studied 42 specimens of 
benign giant-cell tumor of tendon sheaths. He considers that these tumors are 
sclerosing hemangiomas and are neoplastic rather than inflammatory. Satanowsky 


& 


and Perruelo ** report two cases of giant-cell tumor of the synovial membrane of 
the tibiotarsal joint. They state that of the published cases of this type of tumor, 
only five are located in this region. Both tumors developed slowly and were 


benign ; extirpation, the authors state, is the only advisable treatment. 
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Glomus Tumors.—Meyerding and Varney *® present two cases of glomus 
tumors. The first is that of a woman 40 yr: old who had a small dusky red tumor 
under the nail of the fifth finger. She had frequent paroxysms of severe pain for 
nine years before surgical intervention and was completely relieved by excision, 
The second case was that of a woman 42 yr. old who had a painful glomus tumor 
of the distal phalanx of the left index finger of 16-yr. duration. She had undergone 
two previous operations without relief, but excision of the tumor resulted in com- 


plete relief of the pain. The authors stress the rarity of this lesion. The tumors are 


essentially neuromyoarterial nodules in the subcutaneous tissue. The arteriovenous 


short circuits consist of (1) an afferent nodule, (2) an efferent venule, and (3) 
various small connecting loops lined by endothelium. Local nerve reflexes open or 
close these circuits rapidly. The treatment is complete excision. 

86. Meyerding, H. W., and Varney, J. H.: Glomus Tumors: Report of 2 Cases, Minnesota 
Med. 30:159-160; 194 (Feb.) 1947. 





Case Reports 


UNUSUAL PERFORATING WOUND OF THE ABDOMEN AND THORAX 


LIEUTENANT COLONEL HAROLD F. BERTRAM 
MEDICAL CORPS, UNITED STATES ARMY 


[' IS BELIEVED that the following case of abdominothoracic stab wound is 
sufficiently unusual to warrant reporting. 


REPORT OF CASE 

\ 25-yr.-old Puerto Rican veteran of World War II was admitted to Tripler Army Hospital 
approximately three hours after he was injured in an automobile wreck. He was in severe pain 
but was not in shock. The blood pressure was 118/72, pulse rate 94 and respiratory rate 24. He 
was vomiting coffee-ground material. The abdomen was boardlike in its rigidity. No peristaltic 
sounds were audible. The skin of the left lower anterior chest wall was tented upward about 
2 in. (5 cm.) in the midclavicular line. The left costal margin could not be palpated satisfactorily 
because of pain and marked rigidity of the abdominal wall. Crepitus was palpated in the sub- 
cutaneous tissue about the deformity of the chest wall and was interpreted as subcutaneous 
emphysema. When the patient was rotated on the right side, a piece of wood approximately | in. 
(2.5 cm.) square was seen protruding from the left costovertebral angle (Fig. 1). The remainder 
of the physical examination revealed nothing significant. 

The roentgenograms of the chest were normal. The abdominal roentgenograms revealed the 
following significant findings: 1. There was no free air in the peritoneal cavity. 2. The splenic 
and left renal shadows were not clear. 3. The right psoas shadow was normal, while the upper 
portion of the left psoas shadow was indistinct. 4. 4. peculiar long shadow with a laminated 
appearance of areas of increased and decreased density was present in the left upper quadrant 
of the abdomen. 

Catheterization yielded clear urine which did not show blood grossly or microscopically. 
During these examinations the pulse and blood pressure remained stable and the skin was warm 
and dry. 

It was now possible to form several conclusions. The injury was caused by a piece of wood 
which had entered the left costovertebral angle and passed forward and slightly upward entirely 
through the abdomen and all layers of the anterior wall of the left lower thorax except the skin. 
In spite of the normal roentgenograms of the chest and the physical findings it was postulated 
that the wood penetrated the diaphragm and the left lower region of the thorax. The boardlike 
abdominal rigidity indicated perforation of a hollow viscus, most likely the stomach because of 
the presence of coffee-ground vomitus. The absence of shock indicated that in all probability no 
major vessel was injured. 

Nitrous oxide, oxygen, and ether anesthesia was administered through an endotracheal 
catheter. After the abdomen was relaxed the piece of wood was palpated easily passing through 
the seventh intercostal space. This supported the hypothesis, based on the presence of subcu- 
taneous emphysema, that the left thoracic cavity had been traversed. 

A long upper left rectus incision was made because any injured structure in the left upper 
quadrant of the abdomen could be approached through it. It could be extended across the costal 
margin and converted into a combined thoracoabdominal incision if necessary. After the peri- 
toneal cavity was opened, the piece of wood was found to have perforated the stomach near 
the midpoint of the greater curvature. It had also penetrated the diaphragm and protruded into the 
left thorax. There was little intraperitoneal hemorrhage. The incision was extended, and the 
costal cartilages were cut. The thoracic wall was elevated, and the end of the piece of wood was 
delivered into the operative wound. The diaphragmatic lesion was observed to be a sucking 
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Fig. 1—Preoperative picture showing piece of wood in place. Note that one end protrudes 
irom patient’s back and the other end distorts lower left anterior wall of the chest 








| 





Fig. 2 Upper picture, left kidney after removal; lower picture, side view of the piece of 
wood removed from the patient. 
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wound approximately 3.5 cm. in length. The wood had perforated the left kidney at the junction 
of the lower and middle thirds, lacerating kidney parenchyma and capsule from the cortex toward 
the pelvis (Fig. 2). There was moderate retroperitoneal diffusion of blood, but no active bleeding 
was observed. The spleen and its vascular pedicle as well as the colon and its blood supply had 
apparently been missed. The tail of the pancreas was contused but not lacerated. 

Since there was no serious bleeding in the abdomen the upper end of the incision was extended 
down the left sixth intercostal space. The left lung and pleura were examined, and no evidence 
of injury was seen. The perforation of the diaphragm was repaired, with the use of interrupted 
quilting cotton mattress sutures. The intercostal incision was packed with gauze to avoid soiling 
The piece of wood was examined for rough spots and splinters that could damage tissue during 
its removal. None were found. The wood was withdrawn through the operative wound because 
it could be observed directly and any bleeding encountered controlled. After removal the wound 
track was inspected. No serious hemorrhage was observed. The oozing from the lacerated edges 
of the kidney was easily controlled by warm moist packs. There was no damage to other 
abdominal structures. 

The wood had penetrated both walls of the stomach, leaving a strip of greater curvature about 
3 cm. in width intact between the two holes. The gastrocolic omentum was removed from the 
greater curvature of the stomach in the area of the injury. The intact strip of greater curvature 
was then cut across, converting the two holes into one large one about 10 cm. in length. This 
opening was closed, with the use of a continuous Connell type of suture of 00 chromic surgical 
gut reenforced by interrupted Lembert sutures of quilting cotton. The transverse and descending 
colon contained gas. The splenic flexure was mobilized, and the gas was milked back and forth 
several times to be certain there was no colonic perforation. The splenic flexure and the 
descending colon were reflected medially. The left kidney was freed from its bed and the extent 
of damage assessed. The right kidney was carefully palpated and appeared grossly normal 
Nephrectomy was performed, artery and vein being ligated separately. The operative areas were 
cleansed and inspected. No bleeding points were seen. A rubber tissue Penrose drain was placed 
through the wound of entrance. 

The thoracic portion of the incision was closed with the patient under positive pressure anes- 
thesia. One million units of penicillin was instilled into the left thoracic cavity before closure. 
Two more rubber tissue Penrose drains were inserted, one directed upward and one downward, 
and brought out through the abdominal incision. One million units of penicillin and 1 gm. of 
streptomycin were instilled in the abdominal cavity, and the wound was closed. 

The patient withstood the procedure well. The anesthetic record showed little variation in 
pulse, respirations, or blood pressure. He received 1,000 cc. of citrated whole blood during the 
operation. 

The postoperative course was uncomplicated except for a small amount of fluid which appeared 
in the left costophrenic angle on the first postoperative day but was absorbed rapidly. Moderate 
paralytic ileus was present for the first two postoperative days. The patient was ambulatory on 
the fourth day and was afebrile on the sixth day. The operative wound healed per primam. The 
anterior drains were removed on the 10th and 12th days. Drainage from the posterior wound 
almost ceased on the 14th day. The patient’s temperature rose to 102 F. that day. The posterior 
wound was then probed to reinitiate drainage, and administration of aureomycin was started 
by mouth. The temperature rapidly returned to normal and remained so. Drainage from the 
posterior wound steadily decreased, but the drain was left in place until the sixth week. When 
the patient was discharged, two months after admission, this drainage amounted to only a few 
drops on the daily dressings. Kidney function tests showed results which were within normal 
limits. The roentgenogram of the chest was normal. 

The patient was seen for follow-up examination two weeks after his discharge. He felt 
perfectly well, and the wounds were dry. 


COM MENT 


It is unusual to find a kidney so severely lacerated without hematuria. Hema- 
turia may be absent if the ureter is severed or obstructed by external pressure. At 


operation the ureter was intact and did not appear to be obstructed by external 
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Fig. 3—Two views of patient taken three weeks postoperatively. Penrose drain protrudes 
from wound of entrance in the patient’s back. The arrow in the three-quarters front view points 
to the site of the anterior end of the piece of wood. The incision used can be seen. 





Fig. 4.—Cross section illustration of upper region of abdomen showing piece of wood in place. 
It can be seen passing through the left kidney, under the pancreas and through the stomach. 
The penetration of the diaphragm and left thoracic cavity is not shown. (Original anatomical 
drawing from Morton's “Human Cross Section Anatomy,” ed. 2, Baltimore, Williams & Wilkins 
Company, 1944.) 





BERTRAM—UNUSUAL WOUND OF ABDOMEN AND THORAX 


pressure. It is inconceivable that the wood tamponaded the lacerated surfaces of the 
kidney. Examination of the kidney in the laboratory did not reveal any damage to 
the pelvis proper. 

Heminephrectomy was considered before total left nephrectomy was decided on 
but was discarded for several reasons. The operative approach was transperitoneal, 
and the retroperitoneal space was grossly contaminated with much blood effused 


throughout the tissues. Healing of the kidney surfaces would have been uncertain 
in a potentially suppurating area. The laceration of the kidney extended into the 
area of the primary branches of the renal artery, precluding incision of the kidney 


in the usual planes for heminephrectomy. 


SUMMARY 


An unusual perforating wound of the abdomen and thorax in a 25-yr.-old man 
after injury in an automobile wreck is described. 








MALIGNANT HYPERTENSION SECONDARY TO UNILATERAL 
RENAL DISEASE 


LOUIS T. PALUMBO, M.D. 
DES MOINES, IOWA 


YPERTENSION in some instances has been shown by clinical and experi- 

mental studies to result from various renal lesions or diseases. Since the 
classical observations of Bright* in 1836 on this subject, a great many investigators 
have added their evidence incriminating the kidney as the sole factor responsible 
for hyperpiesis under certain conditions or diseases of this organ.” Among this 
group of diseases are polycystic kidney, chronic pyelonephritis, nephrosclerosis, 
glomerulonephritis, and conditions producing prolonged urinary obstruction. Peri- 
arteritis nodosa involving the renal arteries, amyloidosis of the kidney, mercury 
poisoning, renal hypoplasia, and Wilms’s tumor in children have been reported as 
playing an etiologic role in hypertension.*® 

Many experiments were carried out by Hartman and his colleagues,*” Cash,° 
Bell and Pedersen,* Janeway,® and others in which they showed that destruction 
and changes in the renal parenchyma either from direct attack on the kidney tissue 
or from interference with the blood supply would result in hypertension in animals. 
It was not until 1938, when Goldblatt *“.* and his co-workers produced a severe 
and prolonged elevation of blood pressure in experimental animals, that more 
credence was placed in the idea of the kidney as the sole or important factor in 
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the initiation of hypertension in many cases. After ischemia of various degrees of 
the kidney was produced by application of a silver clamp to the main renal artery, 
hypertension would result. If the degree of ischemia was not too great, the kidney 
function would be diminished or unaffected, but hypertension would develop. 
Further, Goldblatt *" stated: “Excision of the ischemic kidney at the height of 
hypertension which follows the constriction of one renal artery is followed by 
prompt return of the blood pressure to normal.” Many other investigators con- 
firmed Goldblatt’s findings. 

Goldblatt," Page,* and others believe that the reduced blood flow to the renal 
parenchyma results in the formation in the kidney, and the liberation into the blood 
stream, of a pressor-like chemical which produces hypertension. This substance in 
a normal person is balanced by another chemical which ordinarily neutralizes any 
excess production, thereby maintaining a normal blood pressure balance. From 
the evidence at hand, it appears that in experimental renal hypertension interference 
with renal circulation results in the release of a pressor substance. Exactly what 
the mechanism is which brings about this change in secretion and its release is 
not definitely known. 

Many clinicians searched in a more thorough manner to find cases of hyper- 
tension which might be benefited by nephrectomy. In 1937 Butler’ was the first 
to report a cure in such an instance. Since that time many cases have appeared in 


the literature. The reports reveal that certain hypertensive patients with unilateral 


renal disease have been improved and several cured by nephrectomy. During the 
past year, we have observed a case that appears to fulfill the requirements, experi- 
mental and clinical, of hypertension resulting from unilateral renal disease of a 
hypoplastic kidney with malignant nephrosclerosis. The patient was cured by 
nephrectomy. From the evidence in the literature, a return of blood pressure to 
normal levels which persist for one to two years after nephrectomy in unilateral 
renal disease in most instances indicates that the patient may be considered cured 
of his hypertensive state. 
REPORT OF A CASE 


D. O. C., a 29-yr.-old white man, was admitted to the medical service on Sept. 2, 1949, 
with the complaints of nausea, vomiting, and blurring of vision of a few weeks’ duration. His 
past history was essentially noncontributory. He had been a pilot during World War II and 
was a student in college when his present illness began. Shortly after the onset of his illness 
pain developed in the back of the neck. His condition became progressively worse. Insomnia 
also developed at the onset of his illness. During the first week of his hospitalization the patient 
was mentally confused, his memory was poor, and his vision rapidly worsened. Shortly after 
his admission he had several epileptic seizures. He lost weight during the period of observation 
His appetite was poor, and he continued to have pains in the back of his head, mental confusion, 
and difficulty remembering. 

The physical condition at this time was essentially normal except for the blood pressure and 
the eyegrounds. The ophthalmologist reported on September 26 that the examination of the 
fundus revealed generalized and localized spasm of the retinal arterioles. The veins showed 
definite dilatation and engorgement. The optic nerves were elevated 2D. There was 


marked retinal edema around the disks, and elsewhere there were innumerable new and old 
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hemorrhages and exudates with cotton wool patches. The inferior quadrants of both retinas were 
detached. The ophthalmologist’s impression was that a Grade IV hypertensive neuroretinopathy 
with exudative detachment of the retina was present. 

The blood pressure on the patient’s admission was 230/170 in the prone position. During 
several weeks of bed rest and dietary regimen his pressure fluctuated between 200 and 190 
systolic and 150 and 120 diastolic. 

Urinalysis revealed a 3 to 4+ reaction for albumin, a specific gravity of 1.010 to 1.018, a 
few white blood cells, amorphous phosphate crystals, a few fine and course granular casts, and 
many hyaline casts. The nonprotein nitrogen level fluctuated between 34.4 and 66 mg. per 100 cc. 
The urea nitrogen value was 22.5 mg., the creatinine 2.1 mg. and the blood sodium chloride 
472 mg. per 100 cc., and the carbon dioxide-combining power was 63 vol. %. The phenolsul- 


_ Fig. 1.—Intravenous pyelogram revealed no function of the right kidney and normal function 
of the left kidney. 


fonphthalein test showed 63% function in the two specimens. The blood count was normal, and 
serologic tests gave negative reactions. 

rhe electrocardiogram and a roentgenogram of the chest were normal. Intravenous pyelo- 
grams on two occasions revealed no function of the right kidney 


roentgenogram of the abdomen showed a small kidney on the right. 


(Fig. 1). The flat plate 


Cystoscopic examination revealed an inflamed bladder. The phenolsulfonphthalein test at this 


time revealed good concentration of the dye in four minutes on the left side but no dye from 
the right in 10 min. A retrograde pyelogram at this time revealed a normal left kidney, but on 
the right the kidney appeared small, with a fairly thick cortex (Fig. 2). The urologist’s and the 
radiologist’s diagnosis was hypoplastic kidney. 


The patient was treated with dietary measures and bed rest, with only slight clinical improve- 


ment. However, there were no improvements in the eyegrounds or in the urinary symptoms. 
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The patient was seen in consultation on September 21, at which time surgical intervention 
was recommended. Prior to the operation a high caudal block was performed to determine 
whether a drop in blood pressure would occur and give an index as to the response that might 
result from a thoracolumbar sympathectomy and splanchnicectomy. After this procedure no 
significant drop in pressure was obtained. 

On Oct. 11, 1950, through a right posterior approach, the 12th and a portion of the 11th rib 
were resected. The right kidney was explored and found to be small, lobulated, and firm in many 
areas. A right nephrectomy, thoracolumbar sympathectomy from the sixth dorsal to below the 
second lumbar portion, and splanchnicectomy were accomplished. 

The postoperative course was uneventful, except for slight pleural effusion on the right. The 


blood pressure became stabilized and returned to normal levels in a short time (Fig. 4). The 


Fig. 2.—Retrograde pyelogram revealed a small right kidney and pelvis. The left kidney 
appeared normal. 


standing pressure averaged 120/90, sitting pressure 130/90, and lying pressure 140/95. The 
patient showed signs of rapid and remarkable improvement and gained 12 lb. (5.4 kg.) in one 
month. His appetite, memory, stamina, and vision were markedly improved. Within one month 
the vision in his right eye was 20/80 and that in the left 20/25. There was still some evidence 


of retinopathy. The urinalysis showed only a slight trace of albumin, a Fishberg concentration 
test showed a specific gravity up to 1.032, and the blood urea nitrogen value was 14.8 mg. 
per 100 cc. 


Pathological Findings.—Grossly the specimen consisted of a small kidney which measured 
7.5 cm. in length and 4.5 cm. in width. The capsule was thin and stripped with moderate difficulty. 
It showed evidence of fetal lobulations. On cross section a definite cortex and medullary portion 
could not be visualized. The entire parenchyma had a yellowish-brown homogenous appearance. 
The microscopic sections of the kidney presented notable changes consisting in arteriolar intima 
hyperplasia, tubular hyperplasia, interstitial fibrosis, and lymphocytic infiltration and degenera- 
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Fig. 3.—A, photomicrograph of right kidney showing marked arteriolar sclerosis, tubular 
hyperplasia, interstitial fibrosis, lymphocytic infiltration, and degenerative changes within some 
of the glomeruli. B, high power view of A reveals the changes described in A. The intimal 
thickening in the vessel in the right of the photomicrograph is typical of the vascular changes 
present in the kidney. 
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tive changes within some of the glomeruli. Some glomeruli were undergoing necrosis, and 
others were completely hyalinized. All the arterioles, especially the smaller ones, showed cellular 
proliferation of the intima, and in some there was complete occlusion of the lumen. The findings 
were typical of those in malignant nephrosclerosis. 

Urine concentration tests gave normal results. The nonprotein nitrogen was 34.4 mg. and 
the urea nitrogen 17.2 mg. per 100 cc. The blood counts were normal. The intravenous pyelogram 
revealed a normally functioning left kidney. The average blood pressure in the standing position 
was 120/80, sitting position 110/80, and lying position 128/88 (Fig. 4). 

The patient was readmitted and examined one year after his previous hospitalization. At this 
time he had no complaints. He felt perfectly normal in every respect and had normal vision. 
He stated that he was in as good a state of health as he had been when he was a pilot during 
the last war. In fact, he had applied for further active duty in the air corps. He was 5 Ib. 
(2.3 kg.) heavier than his average weight. He was mentally alert and had no headaches, 
vertigo, or weakness. The examination of the eyes revealed visual acuity of 20/20 in both eyes. 
The ophthalmologist reported only moderate generalized narrowing of the arterioles. There 
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Fig. 4.—Graphic recording of blood pressure during preoperative, postoperative, and follow-up 
periods. 


was no evidence of arteriosclerosis at this time. There were several areas which were round 
and punched-out, representing the sites of previous hemorrhages. The disk margins were some- 
what indistinct and were paler than normal. There was no evidence of any activity in this 
process, and no hemorrhages or areas of retinal edema were present. The diagnosis at this time 
was Grade I hypertensive angiopathy with residual effects of Grade IV hypertensive neuro- 
retinopathy in the form of patchy atrophy, exudates, and partial optic atrophy. 

The roentgenograms of the chest and the electrocardiogram were normal. The urinalysis 
revealed a specific gravity of 1.029 and no sugar, albumin, or casts. The blood pressure was 
normal (Fig. 4). 


COMMENT 


After a careful review of the literature it is apparent that there are many 
etiologic factors in unilateral renal disease which may be responsible for hyper- 
tension. However, among the millions of cases of arterial hypertension the incidence 
as a result of renal disease is extremely small. This factor was brought out by the 
review made by Sabin *" in 1948. In an analysis of the 101 cases which he found 
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in the literature, there was return of blood pressure to normal in 51; in 23 there was 
a reduction of blood pressure but not to normal levels, and in 26 no improvement 
was obtained. In this group, 21 cases had been followed less than one year after 
the time of operation. The commonest lesion in these cases was pyelonephritis in 
which the kidneys frequently showed considerable atrophy. 

Braasch ** reported an incidence of 0.5% of unilateral renal disease in patients 
with hypertension and that the hypertension in such patients had frequently been 
relieved by operation. He also reported that the lesion most frequently present was 
atrophic pyelonephritis. 

In the case reported, with the characteristic nonfunctioning kidney plus the 
pathologic changes characterized by arteriolosclerosis and ischemia, the favorable 
outcome following surgical intervention must be interpreted as a result of the 
nephrectomy rather than of the unilateral thoracolumbar sympathectomy and 
splanchnicectomy. It has been my experience in 100 cases of hypertensive vascular 
disease in which the patients underwent bilateral thoracolumbar sympathectomy 
and splanchnicectomy that the drop in arterial pressure following a unilateral pro- 
cedure is usually only 10 to 30 mm. of mercury and that in order to produce the 
desirable maximal response of postural drop in pressure a bilateral denervation is 
necessary. On this basis the favorable outcome in the case under discussion is 
attributed solely to the removal of a unilateral diseased kidney. The nephrosclerosis 
present apparently has resulted in an ischemia comparable to the experimental type 
produced by Goldblatt and his co-workers. Immediately after nephrectomy this 
patient showed a rapid and favorable return to normal health, with normal blood 
pressure and vision. 

SUMMARY 

A brief review of the literature concerning experimental studies of the renal 
origin of hypertension is presented. The incidence and the unilateral renal diseases 
which produce hypertension are discussed. The commonest pathologic condition 
in the cases reviewed was chronic pyelonephritis. The cases of hypertension which 
may be cured by nephrectomy are comparatively rare. 

A patient who had a hypoplastic right kidney with malignant nephrosclerosis 


and essential vascular hypertension is presented. One year after nephrectomy the 
patient was in normal health. 


Dr. K. R. Cross, Department of Pathology, selected and interpreted the pathologic sections. 
The medical and urologic departments made a careful study and evaluation of the case presented. 
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